This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents mil not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



623 



(19) 



J 



Eur paisches Patentamt 
Eur p an Patent Office 
Offic uropg ndesbr vets 



(11) 



EP1 219 609 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

03.07.2002 Bulletin 2002/27 

(21) Application number: 00960979.3 

(22) Date of filing: 13.09.2000 



(51) IntClJ: C07D 239/48, C07D 403/04, 
C07D 403/12, C07D 401/12, 
C07D 401/04, C07D 401/14, 
C07D 471/04, C07D 498/04, 
A61K 31/506, A61P 15/10, 
A61P9/12, A61P1/04 

(86) International application number: 
PCT/JP00/06258 

(87) International publication number: 

WO 01/19802 (22.03.2001 Gazette 2001/12) 



(84) Designated Contracting States: 


• MATSUKI, Kenji 


AT BE CM CY DE DK ES Fl FR GB GR IE IT LI LU 


Hiki-gun, Saitama 355-0811 (JP) 


MC NL PT SE 


• OMORI, Kenji 


Designated Extension States: 


Saitama-shi, Saltama-ken (JP) 


AL LT LV MK RO SI 


• KIKKAWA, Kohei 




Kawaguchi-shi, Saitama 333-0815 (JP) 


(30) Priority: 16.09.1999 JP 26185299 




28.04.2000 JP 2000130371 


(74) Representative: HOFFMANN - EITLE 




Patent- und Rechtsanwalte 


(71) Applicant: TANABE SEIYAKU CO., LTD. 


Arabellastrasse 4 


Chuo-ku, Osaka-shi, Osaka 541-8505 (JP) 


81925 Munchen (DE) 


(72) Inventors: 




• YAMADA, Koichiro 




Minamisaitama-gun, Saitama 349-0212 (JP) 





(54) AROMATIC NITROGENOUS SIX-MEMBERED RING COMPOUNDS 



(57) An aromatic nitrogen-containing 6-membered 
cyclic compound of the formula (I): 



^ n Y n v nh " ch 2" r2 

Ys^O I 1 ) 



or unsubstituted lower alkyl group, -NH-Q-R 3 (R 3 is a 
substituted or unsubstituted nitrogen containing hetero- 
cyclic group, and Q is a lower alkylene group or a single 
bond), or -NH-R 4 (R 4 is a substituted or unsubstituted 
cycloalkyl group); R 2 is a substituted or unsubstituted 
aryl group; one of Y and Z is =CH — , and the other is 
=N — , or a pharmaceutical^ acceptable salt thereof, 
these compounds exhibiting excellent selective PDE V 
inhibitory activities, and hence, being useful in the 
prophylaxis or treatment of penile erectile dysfunction, 
etc. 



wherein Ring A is a substituted or unsubstituted nitro- 
gen-containing heterocyclic group; R 1 is a substituted 



O 

o 

CD 

O) 
i— 
CM 



Q. 



Printed by Jouve, 75001 PARIS {FR) 



EP1 219 609 A1 



D script! n 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a novel aromatic nitrogen-containing 6-membered cyclic compound exhibiting 
a cGMP specific phosphodiesterase (PDE) inhibitory activity (PDE V inhibitory activity) and being useful as a medica- 
ment, and a process for preparing the same. 

BACKGROUND ART 



[0002] In general, it is known that cGMP, which is an intracellular second messenger, is decomposed and inactivated 
by phosphodiesterase which widely distributes in many ceil types and tissues of the living body, and when said PDE 
activity is inactivated, the level of cGMP in cells is increased, and as a result, various pharmacological activities, for 
example, relaxation of vascular smooth muscle, relaxation of bronchial smooth muscle, and inhibition of platelet ag- 

15 gregation are exhibited. 

[0003] Moreover, it has been reported that such cGMP specific PDE inhibitors (i.e., PDE V inhibitors) are useful in 
the treatment of diseases caused by a functional disorder of cGMP-signaling, including hypertension, angina pectoris, 
myocardial infarction, chronic or acute heart failure, pulmonary hypertension, etc. (cf., PCT Patent Publication WO 
96/05176, etc.), and prostatic hyperplasia (Australian Patent Publication No. 9955977). It has also been reported that 

20 PDE V inhibitors may be useful in the treatment of female sexual dysfunction (Vemulapalli et al., Life Sciences, 67, 
23-29 (2000)), diabetic gastroparesis (Watkins et al., J. Clin. Invest. 106: 373-384 (2000)), achalasia (Bortolotti et al., 
Gastroenterology; 118: 253-257 (2000)), diarrhea (Mule et al., Br. J. Pharmacol., 127, 514-520 (1999)), constipation 
(Bakre et al., J. Cell. Biochem. 77: 1 59-1 67 (2000)) and asthma (Turner et al., Br. J. Pharmacol., 111_, 1 1 98-1 204 (1 994)). 
[0004] Furthermore, it has been also reported that 1 -[4-ethoxy-3-(6,7-dihydro-1 -methyl-7-oxo-3-propyl-1 H-pyrazolo 

25 [4,3-d]pyrimidin-5-yl)-phenylsulfonyl]-4-methylpiperazine [general name: Sildenafil] having PDE V inhibitory activity is 
useful in the treatment of diseases such as penile erectile dysfunction (copulative impotence), etc. (cf., Boolell et al., 
The Journal of Urology, Supplement, vol. 155, no. 5, p. 495A739 (1 996); Terrettetal., Bioorganic & Medicinal Chemistry 
Letters, vol. 6, no. 15, p. 1819 (1996); and Ballard et al., British Journal of Pharmacology, Proceeding Supplement, 
vol. 118, p. 153 (1996)). 

30 [0005] However, sildenafil has been reported to have side effects such as headache, facial suffusion, gut disorder, 
rhinitis, color sense disorder, penile erectile continuance, etc. (Irwin et al., The New England Journal of Medicine, vol. 
338, no. 20, p. 1397-1404 (1998); Morales et al., International Journal of Impotence Research, vol. 10, no. 2, p. 69-73 
(1998); and Goldenberg, Clinical Therapeutics, vol. 20, no. 6, p. 1033-1048 (1998)). 

[0006] In addition, sildenafil has also been reported that the effects of sildenafil on light response of retina tissues 
35 and its PDE VI inhibitory activity correlate each other in the experiments on dogs (Morales et al., International Journal 
of Impotence Research, vol. 10, no. 2, p. 69-73 (1998)), while it has been reported that PDE VI on retina plays an 
importance role in the sensation of light (Morrales et al., International Journal of Impotence Research, vol. 10, no. 2, 
p. 69-73 (1998); Estrade et al., European Journal of Pharmacology, vol. 352, p. 157-163 (1998)). 

40 DISCLOSURE OF INVENTION 

[0007] An object of the present invention is to provide a novel aromatic nitrogen-containing 6-membered cyclic com- 
pound showing an excellent phosphodiesterase V (PDE V) inhibitory activity, and being useful as a remedy for the 
prophylaxis or treatment of penile erectile dysfunction with few side effects. Another object of the present invention is 
45 to provide a process for preparing such a novel aromatic nitrogen-containing 6-membered cyclic compound. 

[0008] The present invention relates to an aromatic nitrogen-containing 6-membered cyclic compound of the formula 



wherein Ring A is a substituted or unsubstituted nitrogen-containing heterocyclic group; R 1 is a substituted or unsub- 
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stituted lower alkyl group, a group of the formula: -NH-Q-R 3 (in which R 3 is a substituted or unsubstituted nitrogen- 
containing heterocyclic group, and Q is a lower alkylene group or a single bond), or a group of the formula: -NH-R 4 (in 
which R 4 is a substituted or unsubstituted cycloalkyl group); R 2 is a substituted or unsubstituted aryl group; one of Y 
and Z is a group of the formula: =CH — , and the other is a group of the formula: =N — , or a pharmaceutical^ acceptable 

5 salt thereof, and a process for preparing the same. 

[0009] Among the compounds (I) of the present invention, the nitrogen-containing heterocyclic group of the "substi- 
tuted or unsubstituted nitrogen-containing heterocyclic group 11 for Ring A is a 5-to 10-membered monocyclic or bicyclic 
nitrogen-containing heterocyclic group, more particularly, a 5- or 6-membered nitrogen-containing heteromonocyclic 
group and a 8- to 10-membered nitrogen-containing heterobicyclic group, and most particularly, a 5- or 6-membered 

10 non-aromatic nitrogen-containing heteromonocyclic group such as pyrrolidinyl group, piperazinyl group, piperidyl 
group, morpholino group, etc., a 5- or 6-membered aromatic nitrogen-containing heteromonocyclic group such as 
imidazolyl group, pyrrolyl group, etc., and a nitrogen-containing heterobicyclic group such as 6,7-dihydro-5H-pyrrolo 
[3,4-b]pyridin-6-yl group, 5,6,7,8-tetrahydroimidazo[1,2-a]-pyrazin-7-yl group, 5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl 
group, 1,2,3,4-tetrahydro-2-isoquinolinyl group, 1H-2,3,4,5,6,7-hexahydropyrazolo[4,3-c]pyridin-5-yl group, 

is 4,5,6,7-tetrahydrothiazolo[5,4-c]-pyridin-6-yl group, 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-6-yl group, 4,5,6,7-tet- 
rahydro-3H-imidazo[4,5-c]pyridin-3-yl group, etc. 

[0010] The nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocy- 
clic group" for R 3 is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 10-membered nitrogen- 
containing heterobicyclic group, for example, a 5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic 

20 group such as morpholinyl group, piperazinyl group, piperidyl group, thiadiazolyl group, dihydropyrimidinyl group, di- 
hydropyrazolyl group, a 5- or 6-membered aromatic nitrogen-containing heteromonocyclic group such as pyrimidinyl 
group, pyridazinyl group, pyridyl group, pyrazolyl group, imidazolyl group, oxazolyl group, thiazolyl group, pyrazinyl 
group, and a 8- to 1 0-membered nitrogen-containing heterobicyclic group such as benzothiazolyl group, quinolyl group, 
dihydrobenzoxazolyl group, etc. 

25 [0011] The substituent of the "substituted or unsubstituted nitrogen-containing heterocyclic group" for Ring A and 
R 3 is, for example, (1) a lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a formyl group, (4) an oxo 
group, (5) an amino group, (6) a di-(lower alkyl)amino group, (7) a hydroxy group, (8) a lower alkoxy group, (9) a lower 
alkoxycarbonyl group, (1 0) a lower alkoxy-substituted lower alkanoyl group, (11) a lower alkanoyl group, (1 2) a cyano- 
substituted lower alkyl group, and (13) a pyrimidinyl group substituted by (i) a benzylamino group substituted by a 

30 halogen atom and a lower alkoxy group and (ii) a cycloalkylcarbamoyl group substituted by a hydroxy group, etc. 
[0012] The aryl group of the "substituted or unsubstituted aryl group" for R 2 is, for example, a 5- to 10-membered 
monocyclic or bicyclic aromatic hydrocarbon group such as phenyl group, naphthyl group, etc. 
[0013] The substituent of the "substituted or unsubstituted aryl group" for R 2 is, for example, a lower alkoxy group, 
a halogen atom, a cyano group, a nitro group, a hydroxy group, a lower alkyl group, etc. 

35 [001 4] The substituent of the "substituted or unsubstituted lower alkyl group" for R 1 and the substituent of the "sub- 
stituted or unsubstituted cycloalkyl group" for R 4 are, for example, a lower alkoxy group, a hydroxy group, a morpholinyl 
group, a lower alkylsulfonyl group, a di-(lower alkyljphosphino group, a di-(lower alkyl)amino group, a pyrimidinyl- 
substituted lower alkylamino group, a pyridyl group, a pyridylamino group, a lower alkyl-substituted piperazinyl group, 
a pyrimidinyloxy group, etc. 

40 [0015] Throughout the present description and the claims, the "lower alkyl group" means a straight chain or branched 
chain alkyl group having 1 to 6 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, etc. 
The "lower alkoxy group" means a straight chain or branched chain alkoxy group having 1 to 6 carbon atoms, such as 
methoxy, ethoxy, propoxy, isopropyloxy, butyloxy, isobutyloxy, tert-butyloxy, etc. 

[0016] The "cycloalkyl group" means a cycloalkyl having 3 to 8 carbon atoms, such as cyclopropyl, cyclobutyl, cy- 
45 clopentyl, cyclohexyl, cycloheptyl, etc. The "lower alkylene group" means a straight chain or branched chain alkylene 
group having 1 to 6 carbon atoms, such as methylene, ethylene, trimethylene, etc. 
[0017] The "halogen atom" means a fluorine atom, a chlorine atom, a bromine atom, or an iodine atom. 
[001 8] Among the compounds (I) of the present invention, preferable compounds are compounds of the formula (I) 
wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
so group" for Ring A is a 5- or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 1 0-membered nitrogen- 
containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen-containing 
heterocyclic group" is selected from the group consisting of (1) a lower alkyl group, (2) a hydroxy-substituted lower 
alkyl group, (3) a formyl group, (4) an oxo group, (5) an amino group, (6) a hydroxy group, (7) a lower alkoxycarbonyl 
group, and (8) a pyrimidinyl group substituted by (i) a benzylamino group substituted by a halogen atom and a lower 
55 alkoxy group and (ii) a cycloalkylcarbamoyl group substituted by a hydroxy group, R 1 is a lower alkyl group which may 
optionally be substituted by a group selected from the group consisting of a lower alkoxy group, a hydroxy group, a 
morpholinyl group, a lower alkylsulfonyl group, a di-(lower alkyljphosphino group, a di-(lower alkyl)amino group, a 
pyrimidinyl-substituted lower alkylamino group, a pyridyl group, a pyridylamino group, and a lower alkyl-substituted 
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piperazinyl group, a group of the formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , the nitrogen-containing hete- 
rocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is a 5- or 6-membered 
nitrogen-containing heteromonocyclic group or a 8- to 1 0-membered nitrogen-containing heterobicyclic group, and the 
substituent of the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is selected from the group 
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, an oxo group, an amino group, a di-(lower 
alkyl)amino group, a lower alkanoyl group and a cyano-substituted lower alkyl group, R 4 is a cycloalkyl group being 
substituted by a group selected from the group consisting of hydroxy group, a lower alkoxy group and a pyrimidinyloxy 
group, R 2 is a phenyl group being substituted by a group selected from the group consisting of a lower alkoxy group, 
a halogen atom, a cyano group, a nitro group, a hydroxy group and a lower alkyl group. 

[0019] More particularly, preferable compounds of the present invention are compounds of the formula (I), wherein 
the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" 
for Ring A is a 5- or 6-membered nitrogen-containing heteromonocyclic group of the formula: 

O-. H Q-, O-, o-. 



o- ° r O- 

or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-membered 
nitrogen-containing heteromonocyclic group and a 5- or 6-membered cyclic group are fused: 

Qx, Co.. 

and the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 





or an aromatic nitrogen-containing heterocyclic group of the formula: 
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[0020] Among the compounds (I) of the present invention, other preferable compounds are compounds of the formula 
(I) wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing hetero- 
cyclic group" for Ring A is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 10-membered 
nitrogen-containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen-con- 

30 taining heterocyclic group" is selected from the group consisting of a lower alkyl group, a hydroxy-substituted lower 
alkyl group, a formyl group and an oxo group, R 1 is a lower alkyl group which may optionally be substituted by a group 
selected from the group consisting of a lower alkoxy group and a morpholinyl group, a group of the formula: -NH-Q-R 3 , 
or a group of the formula: -NH-R 4 , the "substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is 
a 5- or 6-membered nitrogen-containing heteromonocyclic group which may optionally be substituted by a lower alkyl 

35 group, R 4 is a cycloalkyl group being substituted by a group selected from the group consisting of hydroxy group and 
a lower alkoxy group, R 2 is a phenyl group being substituted by a group selected from the group consisting of a lower 
alkoxy group, a halogen atom and a cyano group. 

[0021] More particularly, preferable compounds of the present invention are compounds of the formula (I) wherein 
the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" 
40 for Ring A is a 5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



45 




or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-membered 
non-aromatic nitrogen-containing heteromonocyclic group and a 5- or 6-membered aromatic nitrogen-containing 
so heteromonocyclic group are fused: 



55 




and the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
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group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



N 

Cn>. or CX, 

or an aromatic nitrogen-containing heteromonocyclic group of the formula: 




[0022] More particularly, preferable compounds of the present invention are compounds of the formula (I) wherein 
Ring A is a group of the formula: 




R 1 is a lower alkyl group, a lower alkoxy-substituted lower alkyl group, a morpholinyl-substituted lower alkyl group, a 
group of the formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , R 3 is a group of the formula: 
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R 4 is a group of the formula: 



w 




and R 2 is a group of the formula: 

75 



20 




[0023] Among the compounds (I) of the present invention, more preferable compounds are compounds of the formula 
(I) wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing hetero- 

25 cyclic group" for Ring A is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 10-membered 
nitrogen-containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen-con- 
taining heterocyclic group" is a group selected from the group consisting of a lower alkyl group, a hydroxy-substituted 
lower alkyl group, a formyl group and an oxo group, R 1 is a lower alkoxy-substituted lower alkyl group, a group of the 
formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , the "substituted or unsubstituted nitrogen-containing heterocyclic 

30 group" for R 3 is a 5- or 6-membered nitrogen-containing heteromonocyclic group which may optionally be substituted 
by a lower alkyl group, R 4 is a hydroxy-substituted cycloalkyl group, and R 2 is a phenyl group being substituted by a 
group selected from the group consisting of a lower alkoxy group and a halogen atom. 

[0024] More particularly, more preferable compounds of the present invention are compounds of the formula (I) 
wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
35 group" for Ring A is a 5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



40 




or a group of the formula: 

45 




50 

the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" 
for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



55 
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or 

an aromatic nitrogen-containing heteromonocyclic group of the formula: 




[0025] More particularly, more preferable compounds of the present compounds are compounds of the formula (I) 
wherein Ring A is a group of the formula: 





R 1 is a lower alkoxy-substituted lower alkyl group, a group of the formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , 
R 3 is a group of the formula: 



H 3 C 



R 4 is a group of the formula: 




and R 2 is a group of the formula: 

~£3~ ocH3 

CI 

[0026] Among the compounds (I) of the present invention, further preferable compounds are compounds of the for- 
mula (I) wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing 
heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 10-mem- 
bered nitrogen-containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen- 
containing heterocyclic group" is a hydroxy-substituted lower alkyl group, R 1 is a group of the formula: -NH-Q-R 3 , the 
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"substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is a 5- or 6-membered nitrogen-containing 
heteromonocyclic group which may optionally be substituted by a lower alkyl group, and R 2 is a phenyl group being 
substituted by a group selected from the group consisting of a lower alkoxy group and a halogen atom. 
[0027] More particularly, the more preferable compounds of the present invention are compounds of the formula (I) 
wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for Ring A is a 5-or 6-membered non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



or 

a group of the formula: 




the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" 
for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 




or 

an aromatic nitrogen-containing heteromonocyclic group of the formula: 




[0028] More particularly, the preferable compounds of the present invention are compounds of the formula (I), wherein 
Ring A is a group of the formula: 



OH 




R 1 is a group of the formula: -NH-Q-R 3 R 3 is a group of the formula: 
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and R 2 is a group of the formula: 

10 

-Q-OCH, 
CI . 

[0029] Among the compounds (I) of the present invention, the most preferable compounds are compounds of the 
formula (I) wherein Y is a group of the formula: =N— , and Z is a group of the formula: =CH — . 
[0030] Among the compounds (I) of the present invention, pharmaceutical^ preferable compounds are compounds 
20 selected from the following group or a pharmaceutical^ acceptable salt thereof. 

(S)-2-(2-hydroxymethy1-1-pyrrondi 
pyrimidine; 

2-(6J-dihydro-5H-pyrrolo[3,4-b]pyri^ 
25 bamoyl]pyrimidine; 

2-(5,6J l 8-tetrahydroimidazo[1,2-a]pyrazm^ 

clohexyl)carbamoyl]-pyrimidine; 

2-(6J-dihydro-5H-pyrrolo[3,4-b]pyridin^ 

clohexyl)carbamoyl]-pyrimidine; 
so 2-(6J-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(2-morphoH 

bamoyljpyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl] 
pyrimidine; 

2-[(2S)-2-hydroxymethyl-1-pyrrolidinylH-^ 
35 methyl]carbamoyl]-pyrimidine; 

2-[(2S)-2-hydroxymethyl- 1-pyrrolidinyl]-4-(3-chloro-4-methoxybenzylamino]-5-[N-[[(2S)-4-methyl-2-morpholinyl] 
methyl]carbamoyl]-pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybehzylamino)-5-[N-(4-pyrimidinylmeth 
pyrimidine; 

40 2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)car^ 
bamoyl]pyrimidine; 

2-(4-formyM-piperazinyl)-4-(3-chloro-4<netho 
midine; 

2-(5,67,8-tetrahydroimidazo[1,2-a]pyrazm^ 
45 clohexyl)carbamoyl]-pyrimidine; 

2-[cis-2 l 5-bis(hydroxymethyl)-1-pyrrolidinyl]-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidiny 
bamoyl]pyrimidine; 

2-(5,67,84etrahydroimidazo[1,2-a]pyrazin-7-^ 
carbamoyl]pyrimidine; 

so 2-(5,673-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino]-5-[N-(2-morphot*m 
carbamoyl]pyrimidine; 

2-(5,6,7,8-tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)car- 
bamoyl]pyrimidine; , 
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-acethylpyrimidine; 
55 (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)^^^ 
pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylmethyl)carba 
pyrimidine; 
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(S)-2-(2-hydroxyme%l-1-pyrrolidin^ 
midine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoy^ 
pyrazine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-ch!o^ 
midine; 

2-(5 l 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4^ 
nyl)methyl)-carbamoyl]pyrimidine; 

(S)-2-[N-(2-morpholinoethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-(2-h 
pyrazine; 

2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-ch^ 
pyrazin-7-yl)pyrazine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro^^ 
dine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidiny1)-4-(3-cW 
bamoyl]pyrimidine, 

or a pharmaceutical^ acceptable salt thereof. 

[0031 ] Among the compounds (I) of the present invention, pharmaceutical^ more preferable compounds are com- 
pounds selected from the following group or a pharmaceutical^ acceptable salt thereof. 

(S)-2-(2-hydroxymethyM-pyrrolidinyl)-4-^ 
pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(4-pyrimidinylmethyl)carb 
pyrimidine; 

2-(4-methyl-3-oxo-1-piperazinyl)-4-(3^hloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)ca^ 
bamoyl]pyrimidine; 

2-(4-formyl-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyc!ohexyl)ca^ 
midine; 

2-(5,6 l 7,8-tetrahydroimidazo(1,2-a]pyrazin^ 
carbamoyl]pyrimidine; 

2-(5,6,7,8-tetrahydroimidazo[1 I 2-a]pyrazin-7-yO^ 
carbamoyl]pyrimidine; 

2-(5,6 l 7,8-tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)car- 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl] 
pyrimidine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3^hloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1-pyrrolW 
pyrazine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-^ 
dine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1,3 l 5-trimethyl-4-pyrazolyl)ca 
bamoyl]pyrimidine, 

or a pharmaceutical^ acceptable salt thereof. 

[0032] Among the compounds (I) of the present invention, pharmaceutical^ preferable other compounds are com- 
pounds selected from the following group or a pharmaceutical^ acceptable salt thereof. 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl] 
pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl] 
pyrimidine; 

2-(5 t 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinyl^ 
carbamoyl]pyrimidine; 

2-(5,6 f 7 ( 8-tetrahydro-1 ) 7-naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)car- 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymemyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylmemyl)ca 
pyrimidine; 
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(S)-2-[N-(2-pyrimidinylmethyl)carta 
pyrazine; 

(S)-2-[N-(2-morpholinoethyl)carbamoyl]-3-(3-chloro-4-methoxybenzyIamino)-5-(2-h 
pyrazine; 

s (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino) 
bamoyl]pyrimidine, or a pharmaceutical^ acceptable salt thereof. 

[0033] Among the compounds (I) of the present Invention, especially pharmaceutical^ preferable compounds are 
compounds selected from the following group or a pharmaceutical^ acceptable salt thereof. 

10 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl] 
pyrimidine, or a pharmaceutical^ acceptable salt thereof, 2-(5 > 6,7,8-tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chlbro- 
4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine, or a pharmaceutical^ acceptable salt 
thereof; and further (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1 ,3,5-trime- 
is thyl-4-pyrazotyl)carbamoyl]pyrimidine, or a pharmaceutically acceptable salt thereof. 

[0034] When the compound (I) of the present invention or a pharmaceutically acceptable salt thereof has an asym- 
metric carbon atom at Ring A , R 1 and/or R 2 , it may exist in the form of an optically active isomer thereof owing to said 
asymmetric carbon atom thereof, and the present invention also includes these optical isomers and a mixture thereof. 
20 [0035] The compound (I) of the present invention or a pharmaceutically acceptable salt thereof exhibits an excellent 
selective PDE V inhibitory activity but substantially shows few side effects such as color sense disorder, and hence, it 
can be used in the prophylaxis or treatment of penile erectile dysfunction. 

[0036] The present compound (I) can clinically be used either in the free form or in the form of a pharmaceutically 
acceptable salt thereof. The pharmaceutically acceptable salt of the compound (I) includes a salt with an inorganic 
25 acid such as hydrochloride, sulfate, nitrate or hydrobromide, or a salt with an organic acid such as acetate, fumarate, 
oxalate, citrate, methanesulfonate, benzenesulfonate, tosylate, or maleate. 

[0037] The present compound (I) or a salt thereof includes either intramolecular salt or an additive thereof, and 
solvates or hydrates thereof. 

[0038] The present compound (I) or a pharmaceutically acceptable salt thereof can be administered either orally or 

30 parenterally, and can be formulated into a conventional pharmaceutical preparation such as tablets, granules, fine 
granules, pills, capsules, powders, injections, inhalants, buccal preparation, sublingual tablets, syrups, dry syrups, 
jellys, suppositories, ointments, elixirs, liniments, lotions, drinks, nasal drops, percutaneous preparations, and rapidly- 
disintegrating tablets in oral cavity, etc. These pharmaceutical preparations may be prepared by formulating with a 
pharmaceutically acceptable additive such as excipient, binder, wetting agent, disintegrator, thickening agent, etc., by 

35 a conventional method. 

[0039] The dose of the compound (I) of the present invention or a pharmaceutically acceptable salt thereof may vary 
in accordance with the administration routes, and the ages, weights and conditions of the patients. For example, when 
administered in an injection preparation, it is usually in the range of about 0.001 -1 00 mg/kg/day, preferably in the range 
of about 0.1-10 mg/kg/day. When administered in an oral preparation, it is usually in the range of about 0.1-200 mg/ 

40 kg/day, preferably in the range of about 0.1-80 mg/kg/day. 

[0040] Concomitantly, since the compound (I) of the present invention or a pharmaceutically acceptable salt thereof 
exhibits an excellent selective PDE V inhibitory activity, it also may be useful in the prophylaxis or treatment of diseases 
caused by a functional disorder of cGMP-signaling, such as pulmonary hypertension, diabetic gastroparesis, hyper- 
tension, angina pectoris, myocardial infarction, chronic or acute heart failure, female sexual dysfunction, prostatic hy- 

45 perplasia, asthma, diarrhea, constipation and achalasia in addition to the above-mentioned erectrile dysfunction. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0041] The compounds (I) of the present invention may be prepared by the following Processes A to F. 

50 

Process A 

[0042] Among the compounds (I) of the present invention, the compound of the formula (I) wherein R 1 is a group of 
the formula: -NH-Q-R 3 or -NH-R 4 , i.e., the compound of the formula (l-a): 

55 



12 



EP 1219 609 A1 



f A N^N^ NH . CH2 . R 2 



R 11 

(wherein R 11 is a group of the formula: -NH-Q-R 3 or -NH-R 4 , and the other symbols are as defined above) can be 
prepared by 

reacting a compound of the formula (II): 

R 9 S^N x 1 

II 1 PI) 
Y ^Z*SoOR 5 

wherein X 1 is a halogen atom, R 5 is a protecting group for carboxyl group, R 9 is substituted or unsubstituted lower 
alkyl group or a substituted or unsubstituted aryl group, and the other symbols are as defined above, 
with a compound of the formula (III): 

R 2 -CH 2 -NH 2 (III) 

wherein the symbols are as defined above, 

oxidizing the resulting compound of the formula (IV): 



R 9 Sv^ N ^NH-CH 2 -R 2 
Yx Z*XOOR 5 



(IV) 



wherein the symbols are as defined above, 

to give a sulfonyl (or sulfinyl) compound of the formula (V): 



R 9 SO nv ^ N ^NH-CH 2 -R 2 
N^COOR 5 



(V) 



wherein n is 1 or 2, and the other symbols are as defined above, 
reacting the compound (V) with a compound of the formula (VI): 



G 



N — H (VI) 

wherein the symbol is as defined above, or a salt thereof, to give a compound of the formula (VII): 
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^A^K^N^ NH-CH 2 -R 



Y "2^COOR 5 

wherein the symbols are as defined above, 

removing a protecting group R 5 for a carboxyl group of the compound (VII) to give a compound of the formula (VIII): 

-NH-CH 2 -R* 



(VIII) 

Z' "COOH 

wherein the symbols are as defined above, and 

followed by reacting the compound (VIII) with a compound of the formula (IX-a): 

R 11 -H (IX-a) 

wherein the symbols are as defined above. 

[0043] The compound (l-a) can also be prepared by subjecting the compound (VIII) to halogenation to give a com- 
pound of the formula (X): 



*<^NH-CH 2 -R* 



^z^cox 2 

wherein X 2 is a halogen atom, and the other symbols are as defined above, and followed by reacting the compound 
(X) with the compound(IX-a). 

[0044] In addition, the above compound (VII) can also be prepared by 
treating a dihalogeno compound of the formula (XI): 




wherein X 3 and X 4 are a halogen atom, and the other symbols are as defined above, 
with carbon dioxide, 

protecting the carboxyl group of the resulting compound of the formula (XII): 



X 3 



Yv Z*Nx>OH 



(XII) 



wherein the symbols are as defined above, 
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to give a compound of the formula (XIII): 



If pan) 
Yv z^coor 5 



wherein the symbols are as defined above, 

reacting the compound (XIII) with the compound (III) to give a compound of the formula (XIV): 



X 3 ^ N ^NH-CH 2 -R 2 



^ X 5 ^ 

^Z'XOOR 5 

wherein the symbols are as defined above, and 

followed by reacting the compound (XIV) with the compound (VI). 
[0045] Further, the above compound (XIV) can also be prepared by subjecting the compound (V) to hydrolysis, 
followed by halogenating the resulting compound of the formula (XV): 



HOs^N. NH-CH 2 -R 2 



T 

"Z^COOR 5 



O „5 ^ 



wherein the symbols are as defined above. 
Process B 

[0046] Among the compounds (I) of the present invention, the compound of the formula (I) wherein R 1 is a substituted 
or unsubstituted lower alkyl group, i.e., the compound of the formula (l-b): 



^w N Y N V NH " CHrR2 



Ys z <<^0 d-b) 
R 

(wherein R 12 is a substituted or unsubstituted lower alkyl group, and the other symbols are as defined above) can be 
prepared by 

oxidizing a compound of the formula (XVI): 



R 9 S^N. NH-CH r R 2 

1 JL (xvi) 

v Z^CH 2 OH 



wherein the symbols are as defined above, which is obtained by reduction of the compound (IV), to give a compound 
of the formula (XVII): 
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R 9 S V ^N_ NH . CH2 _ R 2 

Y "Z^CHO 

wherein the symbols are as defined above, 

further oxidizing the compound (XVII) to give a compound of the formula (XVIII): 

T | (XVIII) 

wherein the symbols are as defined above, 

reacting the compound (XVIII) with the compound (VI) to give a compound of the formula (XIX): 



NH-CH 2 -R* 

(XIX) 



Z ^CHO 

wherein the symbols are as defined above, 

reacting the compound (XIX) with a metal salt of a compound of the formula (IX-b): 



R 12 -H (IX-b) 



wherein R 12 is as defined above, to give a compound of the formula (XX): 



"»12 



(XX) 



wherein the symbols are as defined above, 

followed by oxidizing the compound (XX). 
[0047] In addition, among the compounds (I) of the present invention, the compound of the formula (I) wherein a 
group R 1 is a lower alkoxy-substituted ethyl group, a morpholino-substituted ethyl group, a 4-lower alkylpiperazinyl 
group-substituted ethyl group, a 3-pyridylamino-substituted ethyl group, a 2-pyridyl-lower alkylamino group-substituted 
ethyl group, a di-lower alkylaminoethyl group or a hydroxyethyl group, i.e., the compound of the formula (l-c): 



-NH-CH 2 -R 2 




(I-c) 



16 



EP 1 219 609 A1 



wherein R 6 is a lower alkoxy group, a morpholino group, a 4-lower alkylpiperazinyl group, a 3-pyridylamino group, a 
2-pyrim idyl-lower alkylamino group, a di-lower alkylamino group or a hydroxy group, and the other symbols are as 
defined above, 

can be prepared by reacting the compound (XIX) with a Grignard compound of the formula: 



CH 2 =CHMgBr (XXI) 



to give a compound of the formula (XXII): 




NH-CH 2 -R 2 



(XXII) 



wherein the symbols are as defined above, 

oxidizing the compound (XXII) to give a compound of the formula (XXIII): 



•NH-CH r R* 




(XXIII) 



wherein the symbols are as defined above, 

followed by reacting the compound (XXIII) with a compound of the formula (XXIV): 



R 6 -H (XXIV) 

wherein R 6 is as defined above. 
Process C 

[0048] The compound (l-a) can be prepared by 
reacting a compound of the formula (XXV): 

R 9 Sy N yNH-CH r R 2 

» J (XXV) 
^Z^COOH 

wherein the symbols are as defined above, which is obtained by removing the protecting group R 5 for a carboxyl 
group of the compound (IV), with the compound (IX-a) to give a compound of the formula (XXVI-a): 
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YY NH 

Y^ z A^O (XXVI-a) 



R 11 

wherein the symbols are as defined above, 

oxidizing the compound (XXVI-a) to give a compound of the formula (XXVII-a): 



R^Ons^N^NH-CHrR 2 



Z 



Yv,^s^O P0CVII-a) 



R 11 

wherein the symbols are as defined above, 

followed by reacting the compound (XXVII-a) with the compound (VI). 

Process D 

[0049] The compound (l-b) can be prepared by 
oxidizing a compound of the formula (XXVIII): 

R 9 S V ^N-^NH-CH 2 -R 2 
R 12 

wherein the symbols are as defined above, which is obtained by reacting the compound (XVII) with a metal salt of the 
compound (IX-b), to give a compound of the formula (XXVI-b): 



R 9 S v ^N^m H _cH 2 -R 2 

l! 1 _ (XXVI-b) 



R 12 



wherein the symbols are as defined above, 

further oxidizing the compound (XXVI-b) to give a compound of the formula (XXVII-b): 



R 9 SO nv ^N^ NH .CH 2 -R 2 

1 An 



R 12 



wherein the symbols are as defined above, 
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followed by reacting the compound (XXVII-b) with the compound (VI). 
Process E 

[0050] The compound (l-b) can be prepared by 
oxidizing a compound of the formula (XXX): 



Y^ 2 A.OH (XXX) 



R 12 

wherein the symbols are as defined above, which is obtained by reacting the dihalogeno compound (XI) with a com- 
pound of the formula (XXIX): 

R 12 -CHO (XXIX) 
wherein R 12 is as defined above, to give a compound of the formula (XXXI): 



I z JLo (XXX,, 



12 



wherein the symbols are as defined above, 

reacting the compound (XXXI) with the compound (III) to give a compound of the formula (XXXII): 



X 3 ^^ N<s^NH-CH r R 2 



Yv z ^*0 (XXXII) 



R 12 

wherein the symbols are as defined above, 

followed by reacting the compound (XXXII) with the compound (VI). 
[0051] The above compound (XXXII) can also be prepared by reacting the compound (XXX) with the compound (III) 
to give a compound of the formula (XXXIII): 



xV^N,^NH-CH 2 -R 2 

\ z £^JOH (XXXIII) 



wherein the symbols are as defined above, 

followed by oxidizing the compound (XXXIII). 
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Process F 

[0052] The compound (l-a) can be prepared by 

reacting the compound (XIII) with a compound of the formula (XXXIV): 

RSH (XXXIV) 

wherein R is a substituted or unsubstituted lower alkyl group or a substituted or unsubstituted aryl group, to give a 
compound of the formula (XXXV): 



Y* JL 5 (XXXV) 
^Z^COOR 5 



wherein the symbols are as defined above, 

reacting the compound (XXXV) with the compound (VI) or a salt thereof to give a compound of the formula 
(XXXVI): 



-SR 



. ^ _ (XXXVI) 
Z^COOR 5 

wherein the symbols are as defined above, 

removing the protecting group Ft 5 for a carboxyl group of the compound (XXXVI) to give a compound of the 
formula (XXXVII): 

-SR 



' (XXXVII) 



XX 



Z XOOH 

wherein the symbols are as defined above, 

reacting the compound (XXXVII) with the compound (IX-a) to give a compound of the formula (XXXIX): 



(XXXIX) 

Z' "COR 11 

wherein the symbols are as defined above, 

subjecting the compound (XXXIX) to oxidation to give a sulfonyl or sulfinyl compound, 

followed by reacting the resultant with the compound (III). 
[0053] The above Processes A to F can be carried out as follows. 

Process A 

[0054] The reaction of the compound (II) with the compound (III) is carried out in the presence or absence of an acid 
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scavenger in a solvent. The acid scavenger includes, for example, an organic base such as N,N-diisopropylethylamine, 
N-methylmorpholine, triethylamine, pyridine, etc., and an inorganic base such as sodium hydride, sodium carbonate, 
potassium carbonate, sodium hydrogen carbonate, etc. The solvent may be any solvents which do not disturb the 
reaction, for example, dimethylsulfoxide, tetrahydrofuran, toluene, ethyl acetate, chloroform, dimethoxyethane, xylene, 
5 N,N-dimethylformamide, etc. The reaction is carried out at a temperature of from- 10°C to room temperature, preferably 
at a temperature of from 0°C to room temperature. 

[0055] The reaction of oxidizing the compound (IV) to give the sulfonyl (or sulfinyl) compound (V) is carried out in 
the presence of an oxidizing agent in a solvent. The oxidizing agent includes, for example, peracids such as m-chlo- 
roperbenzoic acid, peracetic acid, etc. , and an inorganic oxidizing agent such as manganese dioxide, sodium periodate, 
10 hydrogen peroxide, dinitrogen tetroxide, halogen, hydroperoxide, iodobenzene acetate, t-butyl hypochlorite, sulfuryl 
chloride, potassium peroxymonosulfate, etc. The solvent may be any solvent which does not disturb the reaction, for 
example, chloroform, methylene chloride, dichloroethane, acetic acid, etc. The reaction is carried out at a temperature 
of from -78°C to 50°C, preferably at a temperature of from -10°C to 10°C. 

[0056] The reaction of the compound (V) with the compound (VI) or a salt thereof can be carried out in the presence 
is or absence of an acid scavenger in a solvent. The acid scavenger includes, for example, an organic base such as N, 
N-diisopropyiethylamine, N-methylmorpholine, triethylamine, pyridine, etc., and an inorganic base such as sodium 
hydride, sodium carbonate, potassium carbonate, sodium hydrogen carbonate, etc. The salt of the compound (VI) is 
preferably an alkali metal salt such as sodium salt, potassium salt, etc. The solvent may be any solvent which does 
not disturb the reaction, for example, N,N-dimethylformamide, tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, 
20 etc. The reaction is carried out at a temperature of from 0°C to 150°C, preferably at a temperature of from room 
temperature to 60° C. 

[0057] The reaction of removing the protecting group R 5 for a carboxyl group of the compound (VII) to give the 
compound (VIII) can be carried out by a conventional method such as hydrolysis, catalytic reduction, etc. which is 
selected according to the types of the protecting group for a carboxyl group to be removed. When a protecting group 

25 for a carboxyl group is removed by hydrolysis, the hydrolysis is carried out, for example, in the presence of a base in 
a solvent. The base is preferably, for example, an alkali metal hydroxide such as sodium hydroxide, potassium hydrox- 
ide, lithium hydroxide, etc., or an alkali metal carbonate such as sodium carbonate, potassium carbonate, etc. The 
solvent may be water or a mixture of water and methanol, ethanol, tetrahydrofuran, dioxane, N,N-dimethyformamide, 
dimethylsulfoxide, etc. The reaction is carried out at a temperature of from 0 to 80°C, preferably at a temperature of 

30 from 5°C to 60°C. The protecting group for a carboxyl group represented by R 5 may be any conventional protecting 
group for a carboxyl group, such as a lower alkyl group, benzyl group, etc. 

[0058] The reaction of the compound (VIII) with the compound (IX-a) can be carried out in the presence or absence 
of a condensing agent, a base or an activating agent in a suitable solvent. The condensing agent includes, for example, 
dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, diphenylphosphoryl azide, diethylcyano- 

35 phosphonate, etc., which is usually used in the peptide synthesis. The base includes, for example, an organic base 
such as triethylamine, N-methymorpholine, etc., and the activating agent includes, for example, 1 -hydroxybenzotria- 
zole, etc. The solvent may be any solvent which does not disturb the reaction, for example, methylene chloride, tet- 
rahydrofuran, N,N-dimethylformamide, acetonitrile, N,N-dimethylacetamide, ethyl acetate, etc. The reaction is carried 
out at a temperature of from -30°C to 50°C, preferably at a temperature of from -10°C to 10°C. 

40 [0059] The alternative process of converting the compound (VIII) into the compound (X), which is further reacted 
with the compound (IX-a) can be carried out by firstly reacting the compound (VIII) with a halogenating agent in the 
presence or absence of an activating agent by a conventional method, and reacting the resulting compound (X) with 
the compound (IX-a). The reaction of the compound (VIII) with a halogenating agent is carried out in a solvent. The 
halogenating agent is preferably thionyl chloride, oxalyl chloride, phosphorus pentachloride, etc. The activating agent 

45 is preferably an amide compound such as N,N-dimethylformamide, etc. The solvent may be any solvent which does 
not disturb the reaction, for example, methylene chloride, chloroform, tetrahydrofuran, benzene, toluene, dioxane, etc. 
The reaction is carried out at a temperature of from -30°C to 100°C, preferably at a temperature of from -5°C to 10°C. 
[0060] The subsequent reaction with the compound (IX-a) is carried out in the presence of an acid scavenger in a 
solvent. The acid scavenger includes, for example, an organic base such as N.N-diisopropylethylamine, N-methylmor- 

50 pholine, triethylamine, pyridine, dimethylaminopyridine, etc., and an inorganic base such as sodium hydride, sodium 
carbonate, potassium carbonate, sodium hydrogen carbonate, etc. The solvent may be any solvent which does not 
disturb the reaction, for example, tetrahydrofuran, methylene chloride, chloroform, toluene, benzene, dioxane, ethyl 
acetate, etc. The reaction is carried out at a temperature of from -30°C to 100°C, preferably at a temperature of from 
-5°C to 10°C. 

55 [0061] The reaction of treating the dihalogeno compound (XI) with carbon dioxide to give the compound (XII) can be 
carried out in the presence of a base in a solvent. The base includes, for example, an alkali metal salt of an organic 
base such as lithium diisopropylamide, lithium 2,2,6,6-tetramethylpiperidide, etc. The solvent may be any solvent which 
does not disturb the reaction, for example, tetrahydrofuran, 1 ,2-dimethoxyethane, diethyl ether, etc. The reaction is 
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carried out at a temperature of from -100°C to -30°C, preferably at a temperature of from -100°C to -70°C. 
[0062] The reaction of protecting the carboxyl group of the compound (XII) to give the compound (XIII) can be carried 
out by a conventional method, for example, by reacting with an alkylating agent in the presence of a base in a solvent, 
when the protecting group is a lower alkyl group. The alkylating agent is preferably a lower alkyl halide such as methyl 
5 iodide. The base is preferably an alkali metal hydrogen carbonate such as sodium hydrogen carbonate, and the solvent 
may be any solvent which does not disturb the reaction, for example, N.N-dimethylformamide, tetrahydrofuran, etc. 
The reaction is carried out at a temperature of from 0°C to 1 00°C, preferably at a temperature of from room temperature 
to 70°C. 

[0063] The reaction of the compound (XIII) with the compound (III) to give the compound (XIV) can be carried out in 
10 the same manner as in the reaction of the compound (II) with the compound (III). 

[0064] The reaction of the compound (XIV) with the compound (VI) to give the compound (VII) can be carried out in 
the same manner as in the reaction of the compound (V) with the compound (VI). 

[0065] The hydrolysis reaction of the compound (V) to give the compound (XV) can be carried out in the presence 
of a base in a solvent. The base includes, for example, an alkali metal hydroxide such as sodium hydroxide, potassium 
is hydroxide, lithium hydroxide, etc., and an alkali metal carbonate such as sodium carbonate, potassium carbonate, etc. 
The solvent is preferably water, or a mixture of water and methanol, ethanol, tetrahydrofuran, dioxane, N,N-dimethyl- 
formamide, dimethylsulfoxide, etc. The reaction is carried out at a temperature of from -20°C to 80°C f preferably at a 
temperature of from -5°C to 60°C. 

[0066] The reaction of halogenating the compound (XV) to give the compound (XIV) can be carried out in the same 
20 manner as in the reaction of obtaining the compound (X) by halogenating the compound (XIII) by a halogenating agent. 

Process B 

[0067] The reduction reaction of the compound (IV) to give the compound (XVI) can be carried out in the presence 
25 of a reducing agent in a suitable solvent. The reducing agent is preferably an alkali metal aluminum hydride such as 
lithium aluminum hydride, and an alkali metal borohydride such as lithium borohydride, etc. The solvent may be any 
solvent which does not disturb the reaction, for example, tetrahydrofuran, dioxane, diethyl ether, dimethoxyethane, 
etc. The reaction is carried out at a temperature of from -78°C to a boiling point of the solvent to be used, preferably 
at a temperature of from -10°C to room temperature. 
30 [0068] The oxidation reaction of the compound (XVI) to give the compound (XVII) can be carried out in the presence 
of an oxidizing agent in a solvent. The oxidizing agent may be any one which can convert an alcohol into a carbonyl 
compound, for example, manganese dioxide, barium permanganate, potassium permanganate, 2,3-dichloro-5,6-dicy- 
ano-1 ,4-benzoquinone, pyridinium chlorochromate, pyridinium dichloromate, etc. The solvent may be any solvent which 
does not disturb the reaction, for example, chloroform, toluene, ethyl acetate, 1 ,2-dichloroethane, methylene chloride, 
35 tetrahydrofuran, etc. The reaction is carried out at a temperature of from 0°C to 1 00°C, preferably at a temperature of 
from room temperature to 70° C. 

[0069] The oxidation reaction of the compound (XVII) to give the compound (XVIII) is carried out in the same manner 
as in the reaction of obtaining the compound (V) by oxidizing the compound (IV). 

[0070] The reaction of the compound (XVIII) with the compound (VI) to give the compound (XIX) is carried out in the 

^o same manner as in the reaction of the compound (V) with the compound (IV). 

[0071 ] The reaction of the compound (XIX) with a metal salt of the compound (IX-b) to give the compound (XX) may 
be carried out in a suitable solvent. The metal salt of the compound (IX-b) is preferably lithium salt, etc. The solvent 
may be any solvent which does not disturb the reaction, for example, tetrahydrofuran, dioxane, diethyl ether, dimeth- 
oxyethane, etc. The reaction may preferably proceed at a temperature of from -78?C to room temperature. 

45 [0072] The oxidation reaction of the compound (XX) to give the compound (l-b) may be carried out in the same 
manner as in the reaction of obtaining (XVII) by oxidizing the compound (XVI). 

[0073] The reaction of the compound (XIX) with the Grignard compound can be carried out in a suitable solvent. The 
solvent is preferably tetrahydrofuran, dioxane, diethyl ether, etc. The reaction may preferably proceed at a temperature 
of from -78°C to 60°C, preferably at a temperature of from -78°C to room temperature. 
so [0074] The oxidation reaction of the compound (XXII) to give the compound (XXIII) is carried out in the same manner 
as in the reaction of obtaining the compound (XVII) by oxidizing the compound (XVI). 

[0075] The reaction of the compound (XXIII) with the compound (XXIV) wherein R 6 is a morpholino group, a 4-lower 
alkylpiperazinyl group, a 3-pyridylamino group, a 2-pyrimidyl-lower alkylamino group, or a di-lower alkylamino group 
to give the compound (l-c) wherein R 6 is a morpholino group, a 4-lower alkylpiperazinyl group, a 3-pyridylamino group, 
55 a 2-pyrimidinyl-lower alkylamino group, or a di-lower alkylamino group can be carried out in the presence or absence 
of a base in a suitable solvent. The base includes, for example, an organic base such as N,N-diisopropylethylamine, 
N-methylmorpholine, triethylamine, pyridine, etc., and an inorganic base such as sodium hydroxide, sodium carbonate, 
potassium carbonate, sodium hydrogen carbonate, etc. The solvent may preferably be ethanol, N.N-dimethylforma- 
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mide, tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, etc. The reaction may preferably proceed at a temperature 
of from 0°C to 150°C, preferably at a temperature of from room temperature to 60°C. 

[0076] On the other hand, the reaction of the compound (XXIII) with the compound (XXIV) wherein R 6 is a hydroxy 
group or a lower alkoxy group to give the compound (XXI) wherein R 6 is a hydroxy group or a lower alkoxy group can 
5 be carried in the presence of an acid in a solvent or without a solvent. The acid includes, for example, an inorganic 
acid such as sulfuric acid, etc., or an organic acid such as methanesulfonic acid, camphorsulfonic acid, toluenesulfonic 
acid, benzenesulfonic acid, etc. The solvent may preferably be diethyl ether, toluene, benzene, N,N-dimethylforma- 
mide, dimethoxyethane, dimethylsulfoxide, etc. The reaction may preferably proceed at a temperature of from 0°C to 
150°C, preferably at a temperature of from room temperature to 60°C. 

10 

Process C 

[0077] The reaction of removing the protecting group R 5 for a carboxyl group of the compound (IV) to give the com- 
pound (XXV) can be carried out in the same manner as in the reaction of obtaining the compound (VIII) by removing 

is the protecting group R 5 for a carboxyl group of the compound (VII). 

[0078] The reaction of the compound (XXV) with the compound (IX-a) to give the compound^XXVI-a) can be carried 
out in the same manner as in the reaction of the compound (VIII) with the compound (IX-a). 
[0079] The reaction of oxidizing the compound (XXVI-a) to give the compound (XXVII-1) can be carried out in the 
same manner as in the reaction of obtaining the compound (V) by oxidizing the above compound (IV). 

20 [0080] The reaction of the compound (XXVII-a) with the compound (VI) to give the compound (l-a) of the present 
invention can be carried out in the same manner as in the reaction of the compound (V) with the compound (VI). 

Process D 

25 [0081] The reaction of the compound (XVII) with a metal salt of the compound (IX-b) to give the compound (XXVIII) 
can be carried out in the same manner as in the reaction of the compound (XIX) with a metal salt of the compound (IX-b). 
[0082] The reaction of oxidizing the compound (XXVIII) to give the compound (XXVI-b) can be carried out in the 
same manner as in the reaction of obtaining the compound (XVII) by oxidizing the compound (XVI). 
[0083] The process wherein the compound (XXVI-b) is oxidized to give the compound (XXVII-b) which is further 

30 converted into the compound (l-b) of the present invention can be carried out in the same manner as in the process 
wherein the compound (XXVI-a) is oxidized to give the compound (XXVII-a) which is further converted into the com- 
pound (l-a) of the present invention. 

Process E 

35 

[0084] The reaction of the compound (XI) with the compound (XXIX) to give the compound (XXX) is carried out in 
the presence of a base in a suitable solvent. The base includes, for example, an alkali metal salt of an organic base 
such as lithium diisopropylamide, lithium 2,2,6,6-tetramethylpiperidide, etc. The solvent may be any solvent which does 
not disturb the reaction, for example, tetrahydrofuran, 1,2-dimethoxyethane, diethyl ether, etc. The reaction is carried 
40 out at a temperature of from -100°C to -30°C, preferably at a temperature of from -100°C to -70°C. 

[0085] The reaction of oxidizing the compound (XXX) to give the compound (XXXI) can be carried out in the same 
manner as in the reaction of oxidizing the compound (XVI) to give the compound (XVII). 

[0086] The reaction of the compound (XXXI) with the compound (III) to give the compound (XXXII) can be carried 
out in the same manner as in the reaction of the compound (II) with the compound (III). 
45 [0087] The reaction of the compound (XXXII) with the compound (VI) or a salt thereof to give the compound (l-b) of 
the present invention can be carried out in the same manner as in the reaction of the compound (V) with the compound 
(VI). 

[0088] The reaction of the compound (XXX) with the compound (III) to give the compound (XXXIII) can be carried 
out in the same manner as in the reaction of the compound (II) with the compound (III). Besides, the reaction of oxidizing 
so the compound (XXXIII) to give the compound (XXXII) can be carried out in the same manner as in the reaction of 
oxidizing the compound (XVI) to give the compound (XVII). 

Process F 

55 [0089] The reaction of the compound (XIII) with the compound (XXXIV) can be carried out in the presence or absence 
of an acid scavenger in a solvent. The acid scavenger includes, for example, an organic base such as N,N-diisopro- 
pylethylamine, N-methylmorpholine, triethylamine, pyridine, etc., or an inorganic base such as sodium hydride, sodium 
carbonate, potassium carbonate, sodium hydrogen carbonate, etc. The solvent may be any solvent which does not 
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disturb th reaction, for example, N,N-dimethylformamide, tetrahydrofuran, toluene, ethyl acetate, chloroform, dimeth- 
oxyethane, xylene, dimethylformamide, etc. The reaction is carried out at a temperature of from -10°C to room tem- 
perature, preferably at a temperature of from 0°C to room temperature. 

[0090] The reaction of the compound (XXXV) with the compound (VI) or a salt thereof can be carried out in the same 
5 manner as in the reaction of the compound (V) with the compound (VI). 

[0091] The reaction of removing the protecting group R 5 for a carboxyl group of the compound (XXXVI) to give the 
compound (XXXVII) can be carried out in the same manner as in the reaction of removing the protecting group R 5 for 
a carboxyl group of the compound (VII) to give the compound (VIII). 

[0092] The reaction of the compound (XXXVII) with the compound (IX-a) can be carried out in the same manner as 

10 in the reaction of the compound (VIII) with the compound (IX-a). 

[0093] The oxidation reaction of the compound (XXXIX) can be carried out in the same manner as the reaction of 
the compound (IV) to give the compound (V). The oxidating agent is preferably m-chloroperbenzoic acid, etc. The 
solvent may be any solvent which does not disturb the reaction, for example, chloroform, methylene chloride, dichlo- 
roethane, acetic acid, etc. The reaction is carried out at a temperature of from -78°C to 50°C, preferably at a temperature 

15 offrom-10°Cto10°C. 

[0094] The subsequent reaction with the compound (III) can be carried out in the same manner as in the reaction of 
the compound (II) and the compound (III). 

[0095] The compound (I) thus obtained can be converted into a pharmaceutical^ acceptable salt thereof. 
[0096] The starting compound (II) can be prepared, for example, according to the method disclosed in Journal of 
20 American Chemical Society, p. 350, vol. 65, 1943. 

[0097] Examples of the compound (I) of the present invention which can be prepared by the above exemplified 
methods are illustrated below, but the present invention should not be construed to be limited thereto. 

Example 1 

25 

[0098] 

(1 ) To a solution of 4-chloro-5-ethoxycarbonyl-2-methylthiopyrimidine (25.33 g) in N,N-dimethylformamide (85 ml) 
are added a solution of 3-chloro-4-methoxybenzylamine (19.62 g) in N.N-dimethylformamide (15 ml) and triethyl- 

30 amine (1 6.7 ml) under ice-cooling. The mixture is stirred at room temperature for 20 minutes, and thereto is added 

3-chloro-4-methoxybenzylamine (940 mg), and the mixture is further stirred for 1 5 minutes. To the mixture is further 
added said amine (940 mg), and the mixture is stirred for 15 minutes. The reaction mixture is poured into a mixture 
of ice water and citric acid, and the mixture is extracted with ethyl acetate. The extract is washed successively 
with a 10 % aqueous citric acid solution, water and brine, and dried over anhydrous sodium sulfate. The solvent 

35 is evaporated under reduced pressure, and the residue is washed with n-hexane to give 4-(3-chloro-4-methoxy- 

benzylamino)-5-ethoxycarbonyl-2-methylthiopyrimidine (38.34 g), m.p. 86° C. 

(2) To a solution of the compound (5.00 g) obtained in the above (1) in chloroform (50 ml) is added a solution of 
m-chloroperbenzoic acid (4.00 g) in chloroform (50 ml) under ice-cooling, and the mixture is stirred for 2 hours. 
The reaction mixture is washed with a saturated aqueous sodium hydrogen carbonate solution and brine, and the 

40 organic layer is dried over anhydrous sodium sulfate, and the solvent is evaporated under reduced pressure to 

give crude 4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonyl-2-methylsulfinylpyrimidine, MS (m/z): 447 
(MH+). 

(3) The crude product obtained in the above (2) is dissolved in tetrahydrofuran (40 ml), and thereto is added a 
solution of L-prolinol (1 .50 g) and triethylamine (1 .60 g) in tetrahydrofuran (10 ml) at room temperature. The mixture 

45 is stirred overnight, and the reaction mixture is diluted with ethyl acetate, and washed with aqueous sodium hy- 

drogen carbonate solution and brine. The organic layer is dried over anhydrous sodium sulfate, and the solvent 
is evaporated under reduced pressure. The residue is purified by silica gel column chromatography (solvent; chlo- 
roform) and crystallized from a mixture of ether and n-hexane to give (S)-4-(3-chloro-4-methoxybenzylamino)- 
5-ethoxycarbonyl-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine (4.72 g), m.p. 88-90°C, MS (m/z): 421 (MH + ). 

so (4) A mixture of the compound (3.4 g) obtained in the above (3), a 10 % aqueous sodium hydroxide solution (23 

ml), and dimethylsulfoxide (34 ml) is stirred at room temperature for 15 hours. The reaction mixture is poured into 
a 10 % aqueous citric acid solution, and the precipitates are crystallized from a mixture of tetrahydrofuran and 
ether to give (S)-4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2-(2-hydroxymethyl-1 -pyrrolidinyl)pyrimidine 
(2.52 g), m.p. 205-208°C, MS (m/z): 391 (M-H)\ 

55 (5) A mixture of the compound (600 mg) obtained in the above (4), 2-aminomethylpyrimidine (217 mg), 1 -(3-dimeth- 

ylaminopropyl)-3-ethylcarbodiimide hydrochloride (323 mg), 1 -hydroxybenzotriazole monohydrate (227 mg) and 
N,N-dimethylformamide (12 ml) is stirred at room temperature for 8 hours, and the reaction mixture is poured into 
aqueous sodium hydrogen carbonate solution. The mixture is extracted with ethyl acetate, washed with brine, and 
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dried over anhydrous sodium sulfate. The solvent is evaporated under reduced pressure, and the residue is purified 
by silica gel column chromatography (solvent; chloroform :methanol = 50:1) to give (S)-2-(2-hydroxymethyl-1-pyr- 
rolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidylmethyl)carbamoyl]pyrimidine (61 0 mg), m.p. 
160-163°C. 

5 

Example 2 
[0099] 

10 (1 ) To a suspension of lithium aluminum hydride (4. 1 5 g) in tetrahydrof uran (1 50 ml) is added a solution of 2-meth- 
ylthio-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (38.32 g) in tetrahydrofuran (100 ml) under 
ice-cooling at 5°C to 10°C over a period of one hour. After the addition, the ice bath is removed, and the reaction 
mixture is stirred at room temperature for one hour. To the reaction mixture is added water (4.15 ml) under ice- 
cooling, and thereto is further added 3N aqueous sodium hydroxide solution (4.15 ml). To the mixture is added 

is water (4.15 ml) three times, and the mixture is stirred at room temperature for one hour. The reaction mixture is 
treated with magnesium sulfate, and the solid precipitates obtained are filtered. The precipitates are washed with 
tetrahydrofuran. The filtrate and the washings are combined, and concentrated under reduced pressure, and trit- 
urated with a mixture of ethyl acetate and isopropyl ether. The resulting crystals are collected by filtration, and 
washed well with isopropyl ether to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-hydroxymethylpyri- 

20 midine as pale yellow crystalline powder. 

First production: yield; 25.10 g, m.p. 162-163°C 
Second production: yield; 2.32 g, m.p. 159-160°C 

25 in addition, the above solid precipitates are washed again with isopropyl ether, and the filtrate is concentrated 

under reduced pressure to give colorless crystals. The resulting solid is suspended in isopropyl ether, filtered, and 
the precipitates are washed well with isopropyl ether and hexane to give 2-methylthio-4-(3-chloro-4-methoxyben- 
zylamino)-5-hydroxymethylpyrimidine (4.26 g) as colorless crystals, m.p. 161-162 6 C. 

(2) To a suspension of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-hydroxymethylpyrimidine (25.10 g) ob- 
30 tained in the above (1) in chloroform (150 ml) is added manganese dioxide powder (37.6 g), and the mixture is 

vigorously stirred at room temperature for one day. To the mixture is further added manganese dioxide powder 
(1 2.6 g, 0.5 time amount of the starting compound), and the mixture is stirred for three days. The insoluble materials 
are quickly removed by filtration on celite, and the filtrate is concentrated under reduced pressure. The residue is 
suspended in a mixture of ethyl acetate and isopropyl ether. The precipitates are filtered, and washed successively 
35 with isopropyl ether and hexane to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine 

(22.43 g) as colorless crystals, m.p. 124-125°C. 

(3) A solution of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine (2.057 g) in chloroform (20 
ml) is treated with m-chloroperbenzoic acid (80 %, 1 .468 g) at 0°C for 30 minutes. To the reaction mixture are is 
added L-prolinol (0.901 g), and then triethylamine (1.33 ml), and the mixture is reacted at 0°C for one hour. The 

40 reaction mixture is warmed to room temperature, and diluted with ethyl acetate. The mixture is washed successively 
with a saturated aqueous sodium hydrogen carbonate solution, water and a saturated sodium chloride solution, 
and dried over anhydrous sodium sulfate. The precipitates are removed by filtration through a silica plug. The 
filtrate is concentrated under reduced pressure to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-meth- 
oxybenzylamino)-5-formylpyrimidine (1.9990 g) as colorless amorphous, MS (m/z): 377 (MH*). 

45 (4) To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine 

(91.0 mg) in tetrahydrofuran (20 ml) is added 1.10 M solution of methyl lithium in ether (1.1 ml) at -78°C, and the 
mixture is reacted for 1 0 minutes, and thereto is added aqueous sodium hydrogen carbonate solution. The reaction 
mixture is extracted with ethyl acetate to give crude (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy- 
benzylamino)-5-(1-hydroxyethyl)pyrimidine, MS (m/z): 393 (MH + ). 

50 (5) The crude product obtained in the above (4) is treated with manganese dioxide (0.5 g) at room temperature, 
and the mixture is stirred overnight. The reaction mixture is heated under reflux for 5 hours, and the insoluble 
materials are removed by filtration. The filtrate is concentrated under reduced pressure, and purified by silica gel 
column chromatography (solvent; chloroform:ethyl acetate = 3:1) to give (S)-(2-hydroxymethyl-1-pyrrolidinyl)- 
4-(3-chloro-4-methoxybenzylamino)-5-acetylpyrimidine (56.7 mg) as colorless oil, MS (m/z): 391 (MK+). 

55 
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Example 3 
[0100] 

5 (1 ) To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine 

(84 mg) in tetrahydrofuran (about 1 ml) is added dropwise a 1 .0M solution of vinyl magnesium bromide in tetrahy- 
drofuran in a dry ice-acetone bath. The reaction mixture is stirred at -78°C for 10 minutes, and stirred at room 
temperature for 10 minutes. The reaction mixture is poured into a mixture of ice and a saturated aqueous sodium 
hydrogen carbonate solution, and the mixture is extracted with ethyl acetate. The organic layer is washed succes- 

10 sively with water and brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. 

The obtained crude product is subjected to preparative thin layer chromatography (solvent; ethyl acetate: 
methanol = 20: 1 ) to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(1 -hydroxy- 
2-propen-1-yl)pyrimidine (30 mg) as colorless oil, MS (m/z): 405 (MH+). 

(2) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(1 -hydroxy- 
's 2-propen-1-yl)pyrimidine (144 mg) in chloroform (2.5 ml) is added manganese dioxide (432 mg), and the mixture 

is vigorously stirred at room temperature for three days. The insoluble materials are removed by filtration on celite, 
and the filtrate is concentrated under reduced pressure to give pale yellow oil (1 24 mg). The resulting crude product 
is purified by silica gel column chromatography (silica gel 20 g, solvent; chloroform:ethyl acetate = 2:1) to give (S)- 
2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(acryloyl)pyrimidine (90 mg) as color- 
20 less crystals, m.p. 113-115 0 C, MS (m/z): 403 (MH + ). 

(3) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(acryloyl)pyrimi- 
dine (72 mg) in ethanol (2 ml) is added morpholine (78 uJ) at room temperature, and the mixture is stirred at room 
temperature for 40 minutes. The reaction mixture is concentrated under reduced pressure, and the residue is 
poured into water, and the mixture is extracted with ethyl acetate. The organic layer is washed successively with 

25 water and brine, dried over anhydrous magnesium sulfate, and concentrated to dryness under reduced pressure 

to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[(2-morpholinoethyl)carbon- 
yl]-pyrimidine (91 mg). 

[0101] The obtained crude product is dissolved in ethyl acetate (10 ml), and the solution is treated with a saturated 
30 solution of hydrochloric acid in methanol (5 ml), and concentrated under reduced pressure. To the residue is added 
ethyl acetate, and the mixture is filtered. The resulting solid is washed well with hexane to give (S)-2-(2-hydroxymethyl- 
1-pyrrolidinyl)-4-(3-chIoro-4-methoxybenzylamino)-5-[(2-morpholinoethyl)carbonyl]pyrimidine dihydrochloride (65 
mg), MS (m/z): 490 (MH + ). 

35 Example 4 

[0102] 

(1) To a solution of 4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonyl-2-methylthiopyrimidine (972 mg) ob- 
40 tained in the above Example 1-(1) in chloroform (8 ml) is added a solution of m-chloroperbenzoic acid (80 %, 598 

mg) in chloroform (1 0 ml) under ice-cooling over a period of 30 minutes. The reaction mixture is stirred under ice- 
cooling for one hour. The reaction mixture is diluted with a saturated aqueous sodium hydrogen carbonate solution, 
and the chloroform layer is collected, washed successively with a saturated aqueous sodium hydrogen carbonate 
solution, water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and con- 
45 centrated under reduced pressure to quantitatively give 2-methylsulfinyl-4-(3-chloro-4-methoxybenzylamino)- 

5-ethoxycarbonylpyrimidine as colorless caramels, MS (m/z): 384 (MH + ). 

(2) To a solution of 2-methylsulfinyl-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (whole 
amount) obtained in the above (1) in tetrahydrofuran (6 ml) is added dropwise a 2N aqueous sodium hydroxide 
solution (1.32 ml) under ice-cooling over a period of 2 minutes. The reaction mixture is stirred under ice-cooling 

so for 30 minutes, and thereto are added tetrahydrofuran (8 ml) and N,N-dimethyIacetamide (6 ml). The reaction 

mixture is stirred under ice-cooling for 30 minutes, and thereto are added water (5 ml) and N.N-dimethylacetamide 
(2 ml), and stirred under ice-cooling for one hour. The reaction mixture is acidified with a 1 0 % aqueous citric acid 
solution, diluted with water, and extracted twice with ethyl acetate. The extracts are combined, washed with water 
and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and concentrated under 

55 reduced pressure. The residue is separated by silica gel column chromatography (silica gel: 20 g, solvent; chlo- 

roform: ethyl acetate = 5:1 -» chloroform :isopropanol = 30:1) to give 2-hydroxy-4-(3-chloro-4-methoxybenzylami- 
no)-5-ethoxycarbonylpyrimidine (618 mg) as slightly yellow crystalline powder, m.p. 195-197°C. 

(3) A mixture of 2-hydroxy-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (500 mg) obtained in 
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the above (2), diethylaminobenzene (2 ml) and phosphorus oxychloride (4 ml) is stirred at 80°C for 30 minutes, 
and stirred at 100°C for 5 hours. After cooling, the reaction solution is poured into ice-water, and the mixture is 
stirred at room temperature for 30 minutes. The resulting mixture is extracted with ethyl acetate, and the organic 
layer is washed with water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, 
and concentrated under reduced pressure. The residue is purified by silica gel column chromatography (silica gel: 
7 g, solvent; chloroform) to give 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (375 
mg) as slightly yellow crystalline powder, m.p. 114-115°, MS (m/z): 356 (MH + ). 

(4) A mixture of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (285 mg) obtained in 
the above (3), 5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazine (197 mg), triethylamine (0.22 ml) and chloroform (3 ml) is 
stirred at room temperature for 2.5 hours, and stirred at 60°C for 2.5 hours. The reaction mixture is diluted with 
ethyl acetate, and washed with water. The aqueous layer is extracted with ethyl acetate, and the organic layer is 
washed with water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and 
concentrated under reduced pressure. The residue is purified by silica gel column chromatography (silica gel: 10 
g, solvent; chloroform :methanol = 50:1), and concentrated under reduced pressure. The resultant is triturated with 
isopropyl ether to give 2-(5 l 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)- 
5-ethoxycarbonylpyrimidine (290 mg) as colorless crystalline powder, m.p. 179-182°C, MS (m/z): 443 (MH+). 

(5) A suspension of2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-ethox- 
ycarbonylpyrimidine (290 mg) obtained in the above (4) and 2N aqueous sodium hydroxide solution (1 .64 ml) in 
a mixture of dimethy Sulfoxide (5 ml) and water (1 ml) is stirred at room temperature for one hour. To the mixture 
is added tetrahydrof uran (5 ml), and the mixture is stirred at room temperature for 1 3 hours. Tetrahydrof uran is 
evaporated under reduced pressure, and the resulting solution is diluted with water, and neutralized with a 10 % 
aqueous citric acid solution. The precipitates are collected by filtration, washed with water, methanol and isopropyl 
ether to give 2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-carboxypyri- 
midine (187 mg) as colorless crystalline powder, m.p. 223-226°C (decomposed), MS (m/z): 413 (M-H)\ 

(6) A mixture of 2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-carbox- 
ypyrimidine (60 mg), 4-methyl-2-aminomethylmorpholine (22.7 mg), 1-(3-dimethylaminopropyl)-3-ethylcarbodiim- 
ide hydrochloride (30.6 mg), 1 -hydroxy benzotriazole (21.6 mg) and N,N-dimethylformamide (3 ml) is stirred at 
room temperature for 22 hours. Water is poured into the reaction mixture, and the mixture is extracted with ethyl 
acetate. The organic layer is washed successively with water, a saturated aqueous sodium hydrogen carbonate 
solution, water and brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure to give 
the colorless crystals (70.0 mg), which are further recrystallized from a mixture of chloroform and hexane to give 
2-(5,6,7,8-tetrahydroimidazo[1 I 2-a]-pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-[(4-methyl-2-mor- 
pholinyl)methyl]carbamoyl]pyrimidine (51.7 mg) as colorless needles, m.p. 132-1 34°C, MS (m/z): 527 (MH + ). 

Examples 5-6 

[0103] The corresponding starting materials are treated in a similar manner as in Example 4-(6) to give the com- 
pounds as listed in the following Table 1 . 
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Table 1 



Ex. No. 


R l 


Physiochemical properties 


5 




Powder 

MS(m/z):506 (MH*) 


6 


HOll'^^N— 


Powder 

MS(m/z):512 (MH*) 



Example 7-21 

[0104] The corresponding starting materials are treated in a similar manner to give the compounds as listed in the 
following Table 2. 
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Table 2 (No. 1) 



Ex. No. 


0- 


R° 


R' 


Physiochemical 
properties 


7 




CI 


\ / — \ 


Amorphous 
MS(m/z):538(MH*) 


8 




CI 


" N *O"" 0Me 


Amorphous 
MS(m/z):526(MH*) 


9 


Co 


CN 


'mo 


M.p.243-245t: 


10 


q> 


CN 


HNi^_^"!lOH 


Amorphous 
MS(m/z):500(MH*) 


11 




CN 




M.p.l29-132t 


12 




CI 




M.p.l50-152t: 


13 




CI 


TO 


Powder (HC1) 
MS(m/z):483(MH*) 


14 




CI 




Amorphous 
MS(m/z):484(MH*) 
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Table 2 (No. 2) 



5 


Ex. No. 


(an- 


R° 


R l 


Phvsicochemical 
properties 




15 




CI 


H 


Caramel 

MS(m/z):505(MH*) 


10 


16 


.0 

— N, N-Me 


CI 




MS(m/z):503(MH 4 ) 


IS 


17 




CI 




Amorphous 
MS(m/2):484(MH") 


20 


18 


( TOH 


CI 




Amorphous 
MS(m/z):484(MH*) 




19 


cC° H 


CI 


Me 


Amorphous 
MSfm /z) :505f MH*l 


25 


20 


OHCN^N- 


CI 


HN^^'"llOH 


Foam 

MS(m/z):503(MH*) 


30 


21 


*-0H 


CI 


v tfi0 


Amorphous 
MS(m/z):514(MH*) 



35 Example 22 
[0105] 

(1) To a solution of diisopropylamine (0.78 g) in tetrahydrofuran (40 ml) is added dropwise a 1.6M solution of n- 
40 butyl lithium in hexane (4.82 ml) in a dry ice-acetone bath over a period of 3 minutes. The mixture is stirred in the 

same bath for 30 minutes. To the mixture is added dropwise a solution of 2,6-dichloropyrazine (0.50 g) in tetrahy- 
drofuran (5 ml) at the same temperature over a period of 15 minutes, and the mixture is stirred for one hour. The 
reaction mixture is poured into dry ice, and the mixture is stirred at room temperature for one hour. The reaction 
mixture is diluted with a 10 % aqueous hydrochloric acid solution in order to adjust the pH value thereof to about 

45 2, and then extracted with ethyl acetate. The combined organic layers are extracted with a saturated aqueous 

sodium hydrogen carbonate solution, and the aqueous extract is washed with ethyl acetate, acidified with a 10 % 
aqueous hydrochloric acid, and extracted with ethyl acetate. The combined organic layer is washed with water 
and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. The residue is triturated with a mixture of chloroform and hexane (1:1) to give 2-carboxy- 

50 3,5-dichloropyrazine (234 mg) as a slightly brown crystalline powder, m.p. 139-141°C, MS (m/z): 191 (M-H)\ 

(2) A mixture of 2-carboxy-3,5-dichloropyrazine (226 mg) obtained in the above (1), sodium hydrogen carbonate 
(118 mg), methyl iodide (0.5 ml) and N,N-dimethylformamide (1 .8 ml) is stirred at room temperature for 14 hours. 
The mixture is diluted with a 10 % aqueous citric acid solution, and extracted with ethyl acetate. The combined 
organic layer is washed with water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium 

55 sulfate, and concentrated under reduced pressure to give 2-methoxycarbonyl-3,5-dichloropyrazine (245 mg) as 

pale brown crystalline powder, m.p. 60-63°C, MS (m/z): 206 (M + ). 

(3) A mixture of 2-methoxycarbonyl-3,5-dichloropyrazine (234 mg) obtained in the above (2), 3-chloro-4-methoxy- 
benzylamine (204 mg), triethylamine (0.17 ml) and dry toluene (3 ml) is stirred at room t mperature for 7 hours. 
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10 



15 



20 



25 



30 



35 



The reaction mixture is diluted with a 1 0 % aqueous citric acid solution, and extracted with ethyl acetate. The 
extract is washed with water and a saturated aqueous sodium chloride solution, dried over sodium sulfate, and 
concentrated under reduced pressure. The residue is separated and purified by silica gel column chromatography 
(silica gel: 5 g, solvent; hexanexhloroform = 1:1), and the desired fractions are concentrated under reduced pres- 
sure to give 2-methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyra2ine (102 mg) as pale yellow 
crystalline powder, m.p. 149-1 51 °C, MS (m/z): 342 (MH + ). 

(4) A mixture of 2-methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyrazine (150 mg), 2-hy- 
droxymethylpyrrolidine (88.6 mg), and triethylamine (0.12 ml) in tetrahydrofuran (5 ml) is stirred at room temper- 
ature for 4 hours, and the mixture is heated at 50°C for 2 hours. To the mixture is added 2-hydroxymethylpyrrolidine 
(44.3 mg), and the mixture is stirred at 50°C for one hour. After cooling, water is added to the reaction mixture, 
and the mixture is extracted with ethyl acetate. The extract is washed with water and brine, dried over anhydrous 
sodium sulfate, and concentrated under reduced pressure. The resulting yellow oil is purified by silica gel column 
chromatography (solvent; chloroform:hexane = 1:1) to give (S)-2-methoxycarbonyl-3-(3-chloro-4-methoxyben- 
zylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)-pyrazine (123 mg) as pale yellow powder, MS (m/z): 407 (MH+). 

(5) To a solution of (S)-2-methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1 -pyrrolidinyl) 
pyrazine (775 mg) obtained in the above (4) in ethanol (8 ml) is added a 4N aqueous sodium hydroxide solution 
(1 .43 ml), and the mixture is stirred at room temperature for 24 hours. The reaction mixture is acidified with 1 0 % 
aqueous hydrochloric acid solution, and extracted with ethyl acetate. The organic layer is washed with water and 
brine, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and washed with diisopropyl 
alcohol to give (S)-2-carboxy-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1 -pyrrolidinyl)pyrazine 
(537 mg) as yellow crystals, m.p. 169-171°C, MS (m/z): 391 (M-H)\ 

(6) A mixture of (S)-2-carboxy-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1 -pyrrolidinyl)pyrazine (80 
mg) obtained in the above (5), 2-aminomethylpyrimidine (26.7 mg), 1 ,2-dichloroethane (43 mg), 1 -hydroxybenzo- 
triazole (30.3 mg) in N.N-dimethylformamide (3 ml) is stirred at room temperature for 18 hours. Water is poured 
into the reaction mixture, and extracted with ethyl acetate. The extract is washed with water, a saturated aqueous 
sodium hydrogen carbonate solution, and brine, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. The residue is purified by silica gel column chromatography (solvent; ethyl acetate) to give (S)- 
2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl) 
pyrazine (87.6 mg), MS (m/z): 484 (MH + ). 

Examples 23-24 

[01 06] The corresponding starting materials are treated in a similar manner as in Example 22 to give the compounds 
as listed in the following Table 3. 



40 




OMe 



45 



Table 3 



50 



55 



Ex. No. 


0- 




Physicochemical 
properties 


23 






Amorphous 
MS(m/z):506(MH*) 


24 




H 


Amorphous 
MS(m/z):505(MH') 
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Example 25 

[0107] A mixture of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-cM 

dine (31 mg), methanol (1 ml) and cone, sulfuric acid (one drop) is heated under reflux for 2 days. After the reaction 
s is complete, the solvent is evaporated under reduced pressure, and the residue is separated by silica gel thin layer 
chromatography (solvent; chloroform:methanol = 30:1) to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro- 
4-methoxybenzylamino)-5-[(2-methoxyethyl)carbonyl]pyrimidine (27 mg) as colorless oil, MS (m/z): 435 (MR*). 

Example 26 

10 

[01 08] A solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinyl- 
methyl)carbamoyl]-pyrimidine (82.48 g) and benzenesulfonic acid monohydrate (60.06 g) in methanol (1000 ml) is 
concentrated, and recrystallized from a mixture of methanol and acetone to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)- 
4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)-carbamoyl]pyrimidine dibenzenesulfonate (121 .8 g) 
is as colorless crystals, m.p. 1 58.5-1 61 .5°C. 

Example 27 

[0109] A mixture of (S)-4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine 
20 (100 mg) obtained in Example 1-(4), 4-amino-1 ,3,5-trimethylpyrazole (47.9 mg), 1-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (58.7 mg), 1 -hydroxybenzotriazole monohydrate (41.3 mg), and N,N-dimethylformamide 
(3 ml) is stirred at room temperature for 8 hours, and poured into aqueous sodium hydrogen carbonate solution. The 
mixture is extracted with ethyl acetate, and the organic layer is washed with water and saturated brine, and dried over 
anhydrous sodium sulfate. The solvent is evaporated under reduced pressure, and the residue is purified by silica gel 
25 column chromatography (solvent; chloroform:methanol = 5:1 ) to give (S)-2-(2-hydroxymethyl-1 -pyrrolidin-yl)-4-(3-chlo- 
ro-4-methoxybenzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl)carbamoyl]pyrimidine (115 mg), MS (m/z): 500 (MH + ). 

Example 28 

30 [0110] 

(1) A solution of 4-chloro-5-ethoxycarbonyl-2-methylthiopyrimidine (5.0 g) in sulfuryl chloride (20 ml) is heated at 
50°C for one hour. The reaction mixture is concentrated, and thereto is poured a saturated aqueous sodium hy- 
drogen carbonate solution. The mixture is extracted with ethyl acetate, and the organic layer is washed with water 

35 and brine, dried over sodium sulfate, and concentrated. The residue is purified by silica gel flash column chroma- 

tography (solvent; ethyl acetate = hexane = 1:10) to quantitatively give 2,4-dichIoro-5-ethoxycarbonylpyrimidine 
(4.87 g) as yellow oil, MS (m/z): 220 (M + ). 

(2) To a solution of 2,4-dichIoro-5-ethoxycarbonylpyrimidine (4.2 g) obtained in the above (1 ) and mercaptobenzene 
(2.30 g) in toluene (40 ml) is added potassium carbonate (3.94 g) at 0°C, and the mixture is stirred at room tem- 

40 perature for one hour, stirred at 50°C for one hour, and further stirred at 100°C for 10 minutes. To the mixture is 

poured water, and the mixture is extracted with ethyl acetate. The organic layer is washed with brine, dried over 
sodium sulfate, and concentrated. The residue is purified by silica gel flash column chromatography (solvent; ethyl 
acetate:hexane = 1:20 methyl acetate: hexane = 1:10) to give 2-chloro-4-phenylthio-5-ethoxycarbonylpyrimidine 
(4.16 g) as colorless crystals, MS (m/z): 295 (MH + ). 

^5 (3) To a solution of 2-chloro-4-phenylthio-5-ethoxycarbonylpyrimidine (4.05 g) obtained in the above (2) in tetrahy- 

drofuran (40 ml) are added L-prolinol (1 .66 g) and triethylamine (2.77 g), and the mixture is stirred at room tem- 
perature for 20 hours. Water is poured into the reaction mixture, and the mixture is extracted with ethyl acetate. 
The organic layer is washed with brine, dried over sodium sulfate, and concentrated under reduced pressure. The 
residue is purified by silica gel flash column chromatography (solvent; ethyl acetate:hexane = 1:2) to give (S)- 

so 2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenylthio-5-ethoxycarbonylpyrimidine (4.16 g) as colorless viscous oil, MS 

(m/z): 360 (MH + ). 

(4) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenylthio-5-ethoxycarbonylpyrimidine (4.10 g) ob- 
tained in the above (3) in ethanol (50 ml) is added a 4N aqueous sodium hydroxide solution (8.6 ml), and the 
mixture is stirred at room temperature for 15 hours. To the reaction solution is added a 10 % aqueous citric acid 

55 solution (30 ml) until the solution becomes weak acidic, and the mixture is extracted with ethyl acetate. The organic 

layer is washed with water and brine, dried over sodium sulfate, and concentrated to give (S)-2-(2-hydroxymethyl- 
1-pyrrolidinyl)-4-phenylthio-5-carboxypyrimidine (3.65 g) as colorless crystals, MS (m/z): 330 (M-H)\ 

(5) A mixture of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-phenyl-thio-5-carboxypyrimidin (2.55 g) obtained in the 
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above (4), 2-aminomethylpyrimidine (1.09 g), 1 ,2-dichloroethane (1.77 g) and 1 -hydroxybenzotriazole (1.25 g) in 
N,N-dimethylformamide (40 ml) is stirred at room temperature for 1 6 hours. To the mixture is poured water, and 
the mixture is extracted with ethyl acetate. The organic layer is washed with water, a saturated aqueous sodium 
hydrogen carbonate solution and brine, dried over sodium sulfate, and concentrated to give pale yellow crystals 
s (4.05 g), which is further purified by silica gel flash column chromatography (solvent; ethyl acetate) to give 2-(2-hy- 

droxymethyl-1 -pyrrolidinyl)-4-phenylthio-5-[N-(2-pyrimidylmethyl)carbamoyl]pyrimidine (2.39 g) as colorless crys- 
tals, m.p., 154-156°C, IR (Nujol): 1633 cm" 1 , MS (m/z): 423 (MH + ). 

(6) To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-phenylthio-5-[N-(2-pyrimidylmethyl)carbamoyl]pyrimi- 
dine (100 mg) obtained in the above (5) in chloroform (3 ml) is added m-chloroperbenzoic acid (70.1 mg) at 0°C, 

10 and the mixture is stirred at 0°C for 30 minutes. To the mixture are added 3-chlorobenzylamine (50.3 mg) and 
triethylamine (48.0 mg) at 0°C, and the mixture is stirred at room temperature for 1 7 hours. To the mixture is poured 
water, and the mixture is extracted with chloroform. The organic layer is washed with brine, dried over sodium 
sulfate, and concentrated under reduced pressure to give yellow oil (1 69 mg), which is purified by silica gel flash 
column chromatography (solvent; ethyl acetate), and triturated with a mixture of ethyl acetate and hexane to give 

is (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chlorobenzylamino)-54N-(2-pyrimidylmethyl)-carbamoyl]pyrimidine 
(95.3 mg) as colorless powder, m.p. 153-156°C, IR (Nujol): 3241, 1637 cm' 1 , MS (m/z): 454 (MH + ). 

(7) To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-phenylthio-5-[N-(2-pyrimidylmethyl)carbamoyl]pyrimi- 
dine (100 mg) obtained in the above (5) in chloroform (3 ml) is added m-chloroperbenzoic acid (70 %, 70.1 mg) 
at 0°C, and the mixture is stirred at 0°C for 30 minutes. To the mixture are added 4-methoxybenzylamine (48.8 

20 mg) and triethylamine (48.0 mg) at 0°C, and the mixture is stirred at room temperature for 20 minutes. To the 
mixture is poured water, and the mixture is extracted with chloroform, and the organic layer is washed with brine, 
dried over sodium sulfate, and concentrated to give a yellow oil (1 43 mg), which is purified by silica gel flash column 
chromatography (solvent; ethyl acetate) to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(4-methoxybenzylamino)- 
5-[N-(2-pyrimidylmethyl)-carbamoyl]pyrimidine (88.2 mg) as colorless powder, IR (Neat): 3296, 1 633 cm* 1 , MS (m/ 

25 z): 450 (MH+). 

Example 29 
[0111] 

30 

(1) A solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine 
(10.0 mg) in tetrahydrofuran (1 .0 ml) obtained in Example 2 (3) is treated with a 1 .6M solution of n-butyl lithium in 
hexane (83 ul) at -78°C for 3 minutes, and thereto is added an aqueous sodium hydrogen carbonate solution. The 
reaction mixture is extracted with ethyl acetate to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-meth- 

35 oxybenzylamino)-5-(1 -hydroxypentyljpyrimidine (1 3.7 mg) as oil. 

(2) (S)-2-(2-HydroxymethyM -pyrrolidine^ ob- 
tained in the above is treated with manganese dioxide (25 mg) at room temperature, and thereto is added gradually 
additional manganese dioxide (1 00 mg), and the mixture is stirred overnight. The reaction mixture is heated under 
reflux for 5 hours, and the insoluble materials are removed by filtration. The filtrate is concentrated under reduced 

40 pressure, and separated with preparative thin layer chromatography to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)- 

4-(3-chloro-4-methoxybenzylamino)-5-pentanoylpyrimidine (5.8 mg) as colorless oil, MS (m/z): 433 (MR*). 

Examples 30-83 

45 [01 1 2] The corresponding starting compounds are treated in a similar manner to give the compounds as listed in the 
following Table 4. 



50 



55 
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Table 4 (No. 1) 



Ex. No. 


(ah— 


R° 


R l 


my sicu cnc nuceu 
properties 


30 


OCX 


CI 


H 

■no 


M.P.210-214TC 


31 




CI 


Ft) 


-TVJ.HVJ1 puuuo 

MS(m/z):517(MH*) 


. 32 




CI 


- u 


Amorphous 
MS(m/z):503(MH + ) 


33 






L J 


Amorphous 
MS(m/z):538(MH*) 


34 


cC 0H 


CI 


NH 2 
N Me 


HClsalt 
M.p.223-226^C 


35 


cC 0H 


CI 


NH 2 

TO 

N Me 


Amorphous 
MS(m/z):513(MH*) 


36 


oT 0H 


CI 


HN*^)"l|0Me 


Amorphous 
MS(m/z):504(MH*) 


37 


Co 


CI 




MS(m/z):524(MH*) 
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Table 4 (No. 2) 



HfX. no. 






fx 


Physicochemical 
properties 


38 




CI 


N 

Me 


Amorphous 
MS(m/z):524(MH*) 


39 


cC 0H 


CI 


HN>Q'i||0H 


Foam 

MS(m/z):490(MH*) 


40 


cC 0H 


CI 




Amorphous 


41 


0 


CI 


hW~V'I!0H 

w 


Amorphous 
MS(m/z):528(MH ) 


42 




Cl 


M 


Amorphous 
MS(m/z):500(MH f ) 


43 


cC 0H 


CI 


NM02 
jJQ 


Amorphous 
MS(m/z):527(MH + ) 


44 


cC 0H 


Cl 




Amorphous 


a e 
45 


c 




ws 

H U 


M.p.zZU-ZZZ 


46 




NO- 


HN^O"l|0H 


Amorphous . 
MS(m/z):523(MH*) 


47 




N0 2 




M.p.l88-190t; 


48 


cC 0H 


Cl 




Amorphous 
MS(m/z):518(MH + j 
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Table 4 (No. 3) 



Ex. No. 




R° 


R 1 


Physicochemical 
properties 


49 


cC gh 


CI 


H 


Amorphous .' 
MS(m/z):532(MH*) 


50 


o 


CI 




M.p.l79-183t: 


51 


Me-N ^N— 


CI 


H 


Amorphous 
MS(m/z):518(MH*) 


52 


OH 

OX 


CI 




Powder (HC1) 
MS(m/2):545(MH*) 


53 


1 

HO-* 


CI 


HN*£)"l|0H 


Amorphous 
MS(m / z\:520lMH*\ 


CIA 






H U 


Powder (HC1) 
MS(m/z):537(MH*) 


55 




CI 


./-"V 

H 


Amorohou s 
MS(m/z):543(MH*) 


56 


QpOH 


CI 


HN»-^^'"||0H 


M.p.l81-183t: 


57 


OHCN^N- 


CI 




rowaer (riuj 
MS(m/z):496(MH + ) 


58 


cC 0H 


CI 


\^S0 2 Me 


M.p. 199-200^ 


59 


cC 0H 


N0 2 


HN*Q'»H0H 


M.p.209.5- 
211.5^ 
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Table 4 (No. 4) 



Ex. No. 


(a>- 


R° 


R l 


rnysicocnemicax 
properties 


60 




CI 




M.p.228-230.5t 


61 


ccx 


CI 


HN^^'illOH 


Amorphous 
MS(ra/z):524(MH') 


62 


H 
0 


CI 




Amorphous 
MS(m/z):522(MH*) 


63 


C0 2 Me 


CI 


TO 


Amorphous 
MS(m/z):563(MH*) 


64 


— N NH 

\ / 


CI 


HN*Q'»l|OH 


Amorphous 


65 


HO-^ 


CI 


\ / — v 


Amorphous 
MS(m/2):520(MH*) 


66 


/ — \ 


CI 




M.p.l76-180t) ' 


67 


00C OH 


CN 


HN*Q'M|OH 


Powder (HC1) 
MS(m/?):543(MrT) 


68 


<x 


CI 


HNP^^'tllOH 


M.p.l43-145'C 


69 




CI 


HN»^}"IIOH 


Powder (HC1) 
MS(m/z):504(MH*) 


70 




CI 


HN^^'HIOH 


M.p.lSO'C 
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Table 4 (No. 5) 



5 


Ex. No. 


0- 


R° 


R 1 


Physicochemical 
properties 


10 


71 


oC OH 


CN 




Powder (HCt) 




72 




CI 


u 
n 


Amorphous 
MS(m/z):519(MH*) 


15 


73 


cC 0H 


CN 


HN»^^"llOH 


Powder (HC1) 
MS(m/z):481(MfT) 


20 


74 


/ — ^ 

O w N- 


CI 


HN»^^'"||OH 


M.p. 116-1 19^ 




75 


HO-x 

OHCN ^N- 


CI 


HN»^^'il|OH 


M.p. 159-161^ 


25 


76 


HO x 


CI 


HN»^^'"||OH 


Powder (HC1) 


30 


77 


Me0 2 C 


CI 


H XJ 


Amorphous 
MS(m/z):563(MH*) 


35 


78 


HO 


CI 


no 


Powder (HC1) 
MS(m/z):497(MH*) 


40 


79 


HO-^N- 


CI 




M.p.2 10-214^ 




80 


"V- 


Cl 


re 


M.p.l49-151.5t: 


45 


81 


oC OH 


N0 2 




Amorphous 
MS(m/z):495(MH*) 


SO 


82 




Cl 


to 


1^.215*0 




83 




Cl 


HN^^^'iilOH 


1^.151-152^ 
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Example 84-86 

[01 1 3] The corresponding starting compounds are treated in a similar manner to give the compounds as listed in the 
following Table 5. 




Table 5 



Ex. No. 


R 8 


R 1 


Physicochemical 
properties 


84 


/-Q-OH 
CI 




Foam 

MS(m/z):470(MH*) 


85 


CI 




Powder 

MS(m/z):488(MH*) 


86 


/-^^-OMe 
F 


to 


Powder 

MS(m/z):468(MH*) 



Example 87 

[0114] A mixture of (S)-2-carboxy-3-(3-chloro-4-methoxybenzylamino)-5^ 

(80 mg) obtained in Example 22 (5), 2-aminomethyl-4-methylmorpholine (31 .9 mg), 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride (43 mg), 1-hydroxybenzotriazole (30.3 mg) in N.N-dimethylformamide (3 ml) is stirred at 
room temperature for 1 8 hours. To the reaction mixture is poured water, and the mixture is extracted with ethyl acetate. 
The extract is washed with water, a saturated aqueous sodium hydrogen carbonate solution and brine, dried over 
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue is purified by silica gel flash column 
chromatography (solvent; ethyl acetate) to give (S)-2-[N-(4-methyl-2-morpholinyl)methylcarbamoyl)-3-(3-chloro- 
4-methoxybenzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)pyrazine (80.5 mg), MS (m/z): 505 (MH + ), IR (Nujol): 3295, 
1635 cm* 1 . 



Examples 88-91 

[01 1 5] The corresponding starting compounds are treated in a similar manner to give the compounds as listed in the 
following Table 6. 
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OMe 
CI 



Table 6 



Ex. No. 


0- 


R 1 


Physicochemical 
properties 


88 






M.p. 177- 179*0 
MS(m/z):490(MH*) 


89 




"So 


M.p. 167-169*0 
MS(m/z):512(MH*) 


90 




H 


M.p.l40.5-141.5 < C 


91 




^— NMe 


Amorphous 
MS(ro/z):527(MH*) 



Examples 92-145 

[01 16] The corresponding starting compounds are treated In a similar manner to give the compounds as listed in the 
following Table 7. 
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Table 7 (No. 1) 



Ex. No. 


(a)_ 


R 1 


Physicochemical 
properties 




n 


HN*/~~YillOH 


Powder 

MS(m/z):475(MH*) 


93 




^U-Q.,hoh 


Powder 

MS(m/z):509(MH*) 


94 




' H 


Amorphous 

ijfQ/ m /-v.ci O/AfUM 


95 


\X 


-8J0 


M.P.150-152X: 


96 




-KJO 


M.p. 162-163*0 


97 




CH 3 


Amorphous 
MS(m/z):486(MH*) 


98 






Amorphous 
MS(m/z):484(MH*) 


99 






Amorphous 
MS(m/z):483(MH*) 


100 




'"^0 


Amorphous 
MS(m/z):497(MH*) 
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Table 7 (No. 2) 



Ex. No. 


0- 




Physicochemical 
properties 


101 






M.p.l48-150t 


102 


cC° H 


.CH 3 
CH 3 


Amorphous 
MS(m/z):512(MH») 


103 






M.p.210-213t) 


104 




8 


M.p.igs-igst 


105 


? 




Amorphous 
MS(m/z):498(MH*) 


106 


5. 




M.p.232-235 , C 


107 






M.p.207-208 < C 


108 




H 

^ n Y"och 3 

0 


Amorpnous 
MS(m/z):547(MH*) 


109 


cC° H 


CH 3 

H 3 C 


Amorphous 
MS(m/z):501(MH*) 
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Table 7 (No. 3) 



Ex. No. 


0- 




Physicochemical 
properties 


110 






M.p.l72-173t 


111 




H f\ 

' N ^SrXH 3 


M.p.l45-14rC 


111 

114 




H f\ 
CH 3 


Amorphous 
MS(m/z):497(MH*) 


113 




Yw 


M.p.l48-150t 


114 




N-N 

N S 
H 


1^.217-219^ 


115 


cC 0H 




Amorphous 
iviD\in/zj.HO'niviti j 


116 






Amorphous 
MS(m/z):514(MH*) 


117 


3. 




Amorphous 
MS(m/z):568{MH*) 


118 






M.p.2 17-220^ 


119 




o 

CH 3 


M.p.212-214"C 
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Table 7 (No. 4) 



Ex. No. 


(an- 


R l 


Physicochemical 
properties 


120 ! 




r j 

H 


Amorphous 
MS(m/z):514(MH*) 


121 


rT 0H 


H H M» 

^X^Q 


Amorphous 
MS(m/z):488(MH 4 ) 


122 




H W 


M.d. 142-144*0 


123 




CH 3 


Amorphous 
MS(m/z):472(MH ) 


124 






Amorphous 
MS(m/z):497(MH*) 


125 


cC 0H 




M.p.l43-146t: 


126 






Amorphous 
MS(m/z):514(MH*) 


127 




h fr m > 


Amorphous 
MS(m/z):498(MrT) 


128 




H 


Amorphous 
MS(m/z):513(MH + ) 


129 


cC 0H 




M.p.lOl-lOSt: 


130 






M.p.215-217C 



44 



EP 1 219 609 A1 



Table 7 (No. 5) 



Ex. No. 


(AN— 


R l 


Physicochemical 
properties 


131 






M.p. 180-183*10 


132 


CHO 




OU 

MS(m/z):482(MH*) 


133 


5 


'Vxx rH 


M.p.l76-179C 


134 






M.p.224-227tJ 


135 


HO^Ns 




Amorphous 
MS(m/z):500(MH*) 


136 




. V 


M.p.l77-180'C 


137 


2 


H 3 C 


Powder 

MS(m/z):486(MH*) 


loo 




R T CH 3 

"h 3 c 


Powder 

MS(m/z):486(MH-) 


139 


Ha . 




Powder 

MS(m/z):500(MH*) 


140 




^ ,OCH 3 

|fOCH 3 
0 


Amorphous 
MS(m/z):499(MH*) 
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Table 7 (No. 6) 



Ex. No. 


(AN— 




Physicochemical 
properties 


141 


f-C OH 


CH 3 


Amorphous 
MS(m/z):448(MH*) 


142 


f-C OH 


^v^N w N-CH 3 


Amorphous 
MS(m/z):503(MH*) 


143 


/— r oh 


/=N 

H 


M.p. 112-11410 


144 




H 


Amorphous 
MS(m/z):512(MH*) 


145 




^s^OH 


M.p. 123- 125*0 



Example 146 . 

[01 17] The corresponding starting compounds are treated in a similar manner to give the compound of the following 
formula as foam, MS (m/z): 464 (MH + ). 




Example 147 

[01 18] The corresponding starting compounds are treated in a similar manner to give the compound of the following 
formula, m.p. 140-144°C. 
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w 



15 



HO 

•NH 



a... 

c, yy v h N o h rr° Me 



h 3 co^ ^nri 

Kl - 11 *0 



H 



Example 148 



[01 19] To a solution of (S)-2-(2-hydroxym ethyl- 1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidyl- 
methyl)carbamoyl]-pyrimidine (307 mg) obtained in Example 1 -(5) in methylene chloride (6 ml) is added dropwise boron 

20 bromide (300 ul) under ice-cooling. The reaction mixture is stirred at 0°C tor 4 hours, and thereto is added methanol, 
and then a saturated aqueous sodium hydrogen carbonate solution under ice-cooling. The mixture is extracted with a 
mixture of ethyl acetate and tetrahydrofuran, and the organic layer is washed successively with water and brine. The 
mixture is dried over sodium sulfate, and concentrated under reduced pressure to give a slightly brown amorphous 
(227 mg). The resultant is suspended in chloroform, and the resulting insoluble materials are removed by filtration. 

25 The filtrate is subjected to silica gel column chromatography, and further purified by NH-silica gel column chromatog- 
raphy to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-hydroxybenzylamino)-5-[N-(2-pyrimidylmethyl)car- 
bamoyl]pyrimidine (129 mg) as a colorless foam, MS (m/z): 470 (MH + ), IR (Nujol): 3279, 1632, 1593, 1569, 1518, 1463 
cm' 1 . 



30 Example 149 



[0120] 



(1) A suspension of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (2.00 g) ob- 
35 tained in Example 1(1) in dimethylsulfoxide (10 ml) is treated with 10 % aqueous sodium hydroxide solution (10 

ml) at room temperature. To the reaction mixture is added dimethylsulfoxide (5 ml), and the mixture is stirred at 
room temperature overnight. To the resulting colorless solution is added citric acid until the solution becomes 
acidic. To the solution is added an excess amount of water (about 50 ml), and the resulting precipitates are collected 
by filtration. The precipitates are washed with isopropyl alcohol and isopropyl ether successively, and dried under 
40 reduced pressure to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-carboxypyrimidine (1 .864 g) as pale 

yellow impalpable powder, m.p. 238-240°C (dec). 

(2) To a suspension of 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2-methylthiopyrimidine (200 mg) in methyl- 
ene chloride (5 ml) are added oxalyl chloride (150 mg) and N,N-dimethylformamide, and the mixture is stirred at 
room temperature for 30 minutes, and concentrated. To a suspension of the resulting acid chloride compound and 

45 5-aminopyrimidine (84.0 mg) in methylene chloride (5 ml) is added dimethylaminopyridine (144 mg) at room tem- 
perature, and the mixture is stirred at room temperature. To the mixture is poured water, and the mixture is extracted 
with ethyl acetate. The extract is washed with a saturated aqueous sodium hydrogen carbonate solution, water 
and brine, dried over sodium sulfate, and concentrated. The residue is triturated with a mixture of ethyl acetate 
and n-hexane to give 4-(3-chloro-4-methoxybenzylamino)-5-(5-pyrimidinylaminocarbonyl)-2-methylthiopyrimidine 

so (216 mg) as pale yellow needles, m.p. 238-240°C, IR (Nujol): 3251, 1666 cm- 1 , MS (m/z): 416 (M+). 

(3) To a suspension of the compound (150 mg) obtained in the above (2) in chloroform (10 ml) is added m-chlo- 
roperbenzoic acid (1 07 mg) at 0°C, and the mixture is stirred at 0°C for one hour, and stirred at room temperature 
for one hour. To the mixture is added m-chloroperbenzoic acid (53 mg) at 0°C, and the mixture is stirred at 0°C 
for 30 minutes. To the mixture are added L-prolinol (43.7 mg) and triethylamine (72.9 mg) at 0°C, and the mixture 

55 is stirred at room temperature for 20 hours. To the mixture is poured water, and the mixture is extracted with 
chloroform. The organic layer is washed with brine, dried over sodium sulfate, and concentrated under reduced 
pressure to give yellow viscous oil (201 mg), which is purified by NH-silica gel flash column chromatography (sol- 
vent; ethyl acetate), washed with a mixture of ethyl acetate and hexane to give (S)-4-(3-chloro-4-methoxyben- 
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zylamino)-5-(5-pyrimidinylaminocarbonM (81 mg) as colorless nee 

dies, m.p. 192-195°C, IR (Nujol): 3279, 1669 cm-\ MS (m/z): 470 (MH + ). 

Examples 150-157 

[0121] The corresponding starting compounds are treated in a similar manner as in Example 149 to give the com 
pounds as listed in the following Table 8. 
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Table 8 



Ex No 


(an 


R l 


Physicochemical 
properties 


150 




H 


Powder 

MS(m/z):469(MH+) 


151 






Powder 

MS(m/z):470(MH+) 


! 152 






M.p. 182-185*0 


153 




H 


M.p.l76-178t 


154 


? 


h T 3 

O-N 


Powder 

MS(m/z):487(MH+) 


155 




H 

CH 3 


M.p. 161- 163*0 


156 




0 A CH 3 


Powder 

MS(m/z):513(MH+) 


157 




CH 3 


Powder 

MS(m/z):498(MH+) 



Example 1 58 
[0122] 

(1 ) A suspension of 4-(3^hloro-4-methoxybenzylamino)-5^arboxy-2-methylthiopyrimidine (1 54.0 mg) obtained in 
Example 149 (1) in methylene chloride (5 ml) is treated with oxalyl chloride (119 ul) at room temperature, and 
thereto is added N.N-dimethylformamide. The mixture is stirred for one hour, and the solvent is evaporated under 
reduced pressure. The residue is treated with ether, and kept in a refrigerator overnight. The volatile materials are 
removed under reduced pressure, and the residue is treated with an excess amount of diazomethane at 0°C, and 
kept in a refrigerator overnight. The reaction is quenched with methanol, and the mixture is purified by silica gel 
chromatography (solvent; hexaneiethyl acetate = 2:1) to give 4-(3-chloro-4-methoxybenzylamino)-5-(diazomethyl- 
carbonyl)-2-methylthiopyrimidine (21.5 mg) as pale yellow solid, IR (Nujol): 3277, 2115, 1607, 1567, 1461, 1377, 
1357, 1141 cm- 1 , MS (m/z): 364 (MH+), m.p. 162-165°C (dec). 

(2) A suspension of the compound obtained in the above (1) (16.5 mg) in methanol (3 ml) is treated with tolue- 
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nesulfonic acid monohydrate (16.5 mg) at room temperature. The solvent is evaporated under reduced pressure, 
and the residue is purified by preparative TLC (solvent; hexane:ethyl acetate = 2:1) to give 4-(3-chloro-4-meth- 
oxybenzyIamino)-5-(methoxymethylcarbonyl)-2-methylthiopyrimidine (11.0 mg) as colorless oil. 
(3) A solution of the compound (1 1 .0 mg) obtained in the above (2) in chloroform (1 ml) is treated with m-chlorop- 

s erbenzoic acid (7.4 mg) at 0°C. The mixture is treated with triethylamine (8.3 u.l) and L-prolinol (36 mg) at room 

temperature, and the reaction mixture is stirred overnight. The reaction mixture is diluted with ethyl acetate, washed 
with a saturated aqueous sodium hydrogen carbonate solution and a saturated aqueous sodium chloride solution, 
and dried over sodium sulfate. The residue is purified by preparative TLC (solvent; chloroform: ethyl acetate = 1 : 
1 ) to give (S)-4-(3-chloro-4-methoxybenzylamino)-5-(methoxymethylcarbonyl)-2-(2-hydroxymethyl-1 -pyrrolidinyl)- 

10 pyrimidine (8.5 mg) as colorless oil, MS (m/z): 421 (MH + ). 

INDUSTRIAL APPLICABILITY 

[0123] The compound (I) of the present invention and a pharmaceutical^ acceptable salt thereof exhibit excellent 
is PDE V inhibitory activities, and they are useful pharmaceutical compounds for the prophylaxis or treatment of penile 
erectile dysfunction, etc. 



Claims 

20 

1. An aromatic nitrogen-containing 6-membered cyclic compound of the formula (I): 



25 




wherein Ring A is a substituted or unsubstituted nitrogen-containing heterocyclic group; R 1 is a substituted or 
unsubstituted lower alkyl group, a group of the formula: -NH-Q-R 3 (in which R 3 is a substituted or unsubstituted 
nitrogen containing heterocyclic group, and Q is a lower alkylene group or a single bond), or a group of the formula: 
35 -NH-R 4 (in which R 4 is a substituted or unsubstituted cycloalkyl group); R 2 is a substituted or unsubstituted aryl 

group; one of Y and Z is a group of the formula: =CH — , and the other is a group of the formula: =N — , or a 
pharmaceutical^ acceptable salt thereof. 

2. The compound according to claim 1 , wherein the nitrogen-containing heterocyclic group of the "substituted or 

40 unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing 

heteromonocyclic group or a 8- to 10-membered nitrogen-containing heterobicyclic group, and the substituent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is selected from the group con- 
sisting of (1) a lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a formyl group, (4) an oxo group, 
(5) an amino group, (6) a hydroxy group, (7) a lower alkoxycarbonyl group, and (8) a pyrimidinyl group substituted 

45 by (i) a benzylamino group substituted by a halogen atom and a lower alkoxy group, and (ii) a cycloalkylcarbamoyl 

group substituted by a hydroxy group, R 1 is a lower alkyl group which may optionally be substituted by a group 
selected from the group consisting of a lower alkoxy group, a hydroxy group, a morpholinyl group, a lower alkyl- 
sulfonyl group, a di-(lower aikyl)phosphino group, a di-(lower alkyl)amino group, a pyrimidinyl-substituted lower 
alkylamino group, a pyridyl group, a pyridylamino group and a lower alkyl -substituted piperazinyl group, a group 

so of the formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , the nitrogen-containing heterocyclic group of the 

"substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is a 5- or 6-membered nitrogen-con- 
taining heteromonocyclic group or a 8- to 10-membered nitrogen-containing heterobicyclic group, and the substit- 
uent of the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is selected from the group 
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, an oxo group, an amino group, a di-(lower 

55 alkyl)amino group, a lower alkanoyl group and a cyano-substituted lower alkyl group, R 4 is a cycloalkyl group being 

substituted by a group selected from the group consisting of hydroxy group, a lower alkoxy group and a pyrimidi- 
nyloxy group, R 2 is a phenyl group being substituted by a group selected from the group consisting of a lower 
alkoxy group, a halogen atom, a cyano group, a nitro group, a hydroxy group and a lower alkyl group. 
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The compound according to claim 2, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing 
heteromonocyclic group of the formula: 




or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-mem- 
bered nitrogen-containing heteromonocyclic group and a 5- or 6-membered cyclic group are fused: 




and the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 

CL o.o. Oa, 

or an aromatic nitrogen-containing heterocyclic group of the formula: 
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or a pharmaceutically acceptable salt thereof. 

The compound according to claim 1 , wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing 
heteromonocyclic group or a 8- to 1 0-membered nitrogen-containing heterobicyclic group, and the substituent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is selected from the group con- 
sisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, a formyl group and an oxo group, R 1 is a 
lower alkyl group which may optionally be substituted by a group selected from the group consisting of a lower 
alkoxy group and a morpholinyl group, a group of the formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , the 
"substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is a 5- or 6-membered nitrogen-con- 
taining heteromonocyclic group which may optionally be substituted by a lower alkyl group, R 4 is a cycloalkyl group 
being substituted by a group selected from the group consisting of hydroxy group and a lower alkoxy group, R 2 is 
a phenyl group being substituted by a group selected from the group consisting of a lower alkoxy group, a halogen 
atom and a cyano group. 

The compound according to claim 4, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered non-aromatic nitrogen- 
containing heteromonocyclic group of the formula: 




or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-mem- 
bered non-aromatic nitrogen-containing heteromonocyclic group and a 5- or 6-membered aromatic nitrogen-con- 
taining heteromonocyclic group are fused: 




and 

the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 

or 

i 
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or an aromatic nitrogen-containing heteromonocyclic group of the formula: 




6. The compound according to claim 1 , wherein Ring A is a group of the formula: 




R 1 is a lower alkyl group, a lower alkoxy-substituted lower alkyl group, a morpholinyl-substituted lower alkyl group, 
a group of the formula: 

-NH-Q-R 3 , or a group of the formula: -NH-R 4 , R 3 is a group of the formula: 




R 4 is a group of the formula: 
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or 




OCH 3 



and 

R 2 is a group of the formula: 




The compound according to claim 1 , wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing 
heteromonocyclic group or a 8- to 10-membered nitrogen-containing heterobicyclic group, and the substituent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is a group selected from the group 
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, a formyl group and an oxo group, R 1 is 
a lower alkoxy-substituted lower alkyl group, a group of the formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , 
the "substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is a 5- or 6-membered nitrogen- 
containing heteromonocyclic group which may optionally be substituted by a lower alkyl group, R 4 is a hydroxy- 
substituted cycloalkyl group, and R 2 is a phenyl group being substituted by a group selected from the group con- 
sisting of a lower alkoxy group and a halogen atom. 

The compound according to claim 7, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered non-aromatic nitrogen- 
containing heteromonocyclic group of the formula: 




or 

a group of the formula: 




the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 




or 
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an aromatic nitrogen-containing heteromonocyclic group of the formula: 




9. The compound according to claim 1 , wherein Ring A is a group of the formula: 




R 1 is a lower alkoxy-substituted lower alkyl group, a group of the formula: -NH-Q-R 3 , or a group of the formula: 
-NH-R 4 , R 3 is a group of the formula: 

H 3 C 



R 4 is a group of the formula: 



and R 2 is a group of the formula: 




10. The compound according to claim 1, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing 
heteromonocyclic group or a 8- to 1 0-membered nitrogen-containing heterobicyclic group, and the substituent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is a hydroxy-substituted lower alkyl 
group, R 1 is a group of the formula: -NH-Q-R 3 , the "substituted or unsubstituted nitrogen-containing heterocyclic 
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group" for R 3 is a 5- or 6-membered nitrogen-containing heteromonocyclic group which may optionally be substi- 
tuted by a lower alkyl group, and R 2 is a phenyl group being substituted by a group selected from the group 
consisting of a lower alkoxy group and a halogen atom. 

11. The compound according to claim 10, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered non-aromatic nitrogen- 
containing heteromonocyclic group of the formula: 




or 

a group of the formula: 




the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 




or 

an aromatic nitrogen-containing heteromonocyclic group of the formula: 




12. The compound according to claim 1 , wherein Ring A is a group of the formula: 




R 1 is a group of the formula: -NH-Q-R 3 R 3 is a group of the formula: 
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and 

R 2 is a group of the formula: 




13. The compound according to any one of claims 1-12, wherein Y is a group of the formula: =N — , and Z is a group 
of the formula: =CH — . 

14. (S)-2-(2-Hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidi 
bamoyl]pyrimidine; 

2-(67-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl) 
carbamoyl]pyrimidine; 

2-(5 l 67,8-tetrahydroimidazo[1 1 2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-methoxy- 
cyclohexyl)carbamoyl]-pyrimidine; 

2-(67-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycy 
clohexyl)carbamoyl]-pyrimidine; 

2-(67-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl) 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)car- 
bamoyl]pyrimidine; 

2-[(2S)-2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-[[(2R)-4-methyl-2-mor- 
pholinyl]methyl]carbamoyl]-pyrimidine; 

2-[(2S)-2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-[[(2S)-4-methyl-2-mor- 
pholinyl]methyl]carbamoyl]-pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(4-pyrimidinylmethyl)car^ 
bamoyljpyrimidine; 

2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-mem^ 
bamoyljpyrimidine; 
2-(4-formyl-1-piperazinyl)-4-(3-chloro 
pyrimidine; 

2-(5,6J,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4^ 
cyclohexyl)carbamoyl]-pyrimidine; 

2-[cis-2,5-bis(hydroxymethyl)-1-pyrrolidinyl]-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylm 
carbamoyl]pyrimidine; 

2-(5,6J,8-tetrahydroimidazo[1 I 2-a)pyrazin-7-yl)-4-(3-ch!oro-4-methoxybenzylamino)-5-[N-{2-pyrimi 
thyl)carbamoyl]pyrimidine; 

2-(5 l 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4*(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoe- 
thyl)carbamoyl)pyrimidine; 

2-(5,67,8-tetrahydro-1 ( 7-naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-(N-(2-morpholinoethyl) 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-acethylpyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidiny^ 

bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylm 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrro!idinyl)-4^ 
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pyrimidine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamin 1-pyrro- 
lidinyl]pyrazine, 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3^ 
[pyrimidine; 

2-(5 f 6J,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxyben 

pholinyl)methyl]-carbamoyl]pyrimidine; 

(S)-2^N-(2-morpholinoethyl)carbam 

nyl)pyrazine; 

2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chl^^^ 
[1 ,2-a]pyrazin-7-yl)pyrazine; 
(S)-2-(2-hydroxymethyM -pyrrolidine^ 
midine; 

(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chtoro-4-methoxybenzylam^ 
carbamoyljpyrimidine, or a pharmaceutical^ acceptable salt thereof. 

15. (S)-2-(2-Hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzy!amino)-5-[N-(2-pyrimidinylmethyl)c 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(4-pyrimidinylmethy^ 
bamoyl]pyrimidine; 

2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)car^ 
bamoyl]pyrimidine; 

2-(4-formyl-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)carbamoyl] 
pyrimidine; 

2-(5 > 67,8-tetrahydroimidazo[1,2-a]pyrazin-7^^ 
thyl)carbamoyl]pyrimidine; 

2-(5 t 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino) -5- [N-(2-morpholinoe- 
thyl)carbamoyl]pyrimidine; 

2-(5,6^,8-tetrahydro-17-naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyO 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylmethyl)car- 
bamoyl]pyrimidine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-[2-hydroxymethyl-1-D^ 
lidinyl]pyrazine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[(2-methoxyethyl)carbonyl^ 
midine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidiny0 

carbamoyl]pyrimidine, or a pharmaceutically acceptable salt thereof. 

16. (S)-2-(2-Hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)car- 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrr6lidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)car- 
bamoyl]pyrimidine; 

2-(5,67,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinyl^ 
thyl)carbamoyl]pyrimidine; 

2-(5,6,7,8-tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl) 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylmethyl)car- 
bamoyljpyrimidine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-[2-hydroxymethyl-1-pyrro- 
lidinyl]pyrazine; 

(S)-2-[N-(2-morpholinoethyl)carbamoyl]-3-(3-chloro-4-methoxybenzytamino)-5-[2-hydroxymethyl-1-pyrrolidi- 
nyl]pyrazine; 

(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl) 
carbamoyl]pyrimidine, or a pharmaceutically acceptable salt thereof. 

17. (S)-2-(2-Hydroxymethyl-1-pyrrolidinyl)-4-(3-^ 
bamoyl]pyrimidine, or a pharmaceutically acceptable salt thereof. 
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18. 2-(5,67,8-Tetrahydro-17-naphthyri^ 
bamoyl]-pyrimidine, 

or a pharmaceutical^ acceptable salt thereof. 

5 19. (S)-2-(2-Hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5- [N-(1 ,3,5-trimethyl-4-pyrazolyl) 
carbamoylj-pyrimidine, 

or a pharmaceutical^ acceptable salt thereof. 

20. A pharmaceutical composition, which contains as an active ingredient the compound as set forth in any one of 
10 claims 1 -1 9, or a pharmaceutical^ acceptable salt thereof. 

21. A method for treatment of penile erectile dysfunction, which comprises administering an effective amount of the 
compound as set forth in any one of claims 1 -1 9, or a pharmaceutical^ acceptable salt thereof, to a patient in need 
thereof. 

15 

22. A method for treatment of pulmonary hypertension, which comprises administering an effective amount of the 
compound as set forth in any one of claims 1 -1 9, or a pharmaceutical^ acceptable salt thereof, to a patient in need 
thereof. 

20 23. A method for treatment of diabetic gastroparesis, which comprises administering an effective amount of the com- 
pound as set forth in any one of claims 1-19, or a pharmaceutical^ acceptable salt thereof, to a patient in need 
thereof. 

24. Use of the compound as set forth in any one of claims 1-19, or a pharmaceutical^ acceptable salt thereof, in the 
25 treatment of a patient with penile erectile dysfunction. 

25. Use of the compound as set forth in any one of claims 1 -1 9, or a pharmaceutical^ acceptable salt thereof, in the 
treatment of a patient with diabetic gastroparesis. 

30 26. Use of the compound as set forth in any one of claims 1 -1 9, or a pharmaceutical^ acceptable salt thereof, in the 
treatment of a patient with pulmonary hypertension. 
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